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C Now..even greater ordering flexibility. 


Each 10 mL vial contains 10 mg of 
lyophilized vecuronium bromide. Each 

10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP. 
Supplied in boxes of 10. 


[C] Convenient, easy to mix...cuts prepa- 
ration time. 


L] Each vial-syringe unit comes complete 
with its own 22-gauge 14-inch needle, an 
added benefit at a cost Saving when 
compared to atracurium. 


C] Waste can be minimized...unused 


portion prepared with bacteriostatic water _ 
can be stored for up to five days. 
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Available in the 5 mL vial pack 
with diluent, 10 mL vial pack with 
diluent, and 10 mL vial pack without 
diluent—as well as the new 
vial-syringe convenience pack. 


; ORGANON INC. F. 
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not the monitor 


Marauette's Series 7010 bedside 
monitor gives you the freedom 
to concentrate on what is most 
important—the patient. 

Easy, reliable operation and 
unsurpassed monitoring capa- 
bility make the 7010 a depend- 
able aid to patient care, not the 
technological distraction some 
monitors can be. 

Predefined setup gives you 
complete flexibility, utter simplicity. You tell 
the 7010 just once how you want the display 
arranged and limits and alarms set. Then every 
time you connect a patient, the monitor is ready 
to go, just as you want it. You can change set- 
up instructions quickly and easily at any time. 





Multilead ECG and arrhythmia 
processing results in arrhythmia 
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7010 to do its job... so you can do yours. 

For more information, contact your Marquette 
representative or call 1-800-558-5120, Ext. 2201. 
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Before prescribing, please consult complete prescribing information, of which the following is a brief summary. 
CAUTION: Federal Law Prohibits Dispensing Without Prescription. 


DESCRIPTION: SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equiva- 
lent to 50 pg per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 


INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: As an analgesic adjunct in the 
maintenance of balanced general anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
surgery or neurosurgical procedures in the sitting position, to provide favorable myocardial and cerebral oxygen 
balance or when extended postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE 
INFORMATION ON THE USE OF SUFENTA. 


CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug. 


WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles 
of the neck and extremities. The incidence can be reduced by: 1) administration of up to 1/4 of the full para- 
lyzing dose of a non-depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at 
dosages of up to 8 pg/kg, 2) administration of a full paralyzing dose of a neuromuscular blocking agent 


following loss of consciousness when SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow 


intravenous infusion, or, 3) simultaneous administration of SUFENTA and a full paralyzing dose of a neuro- 


muscular blocking agent when SUFENTA is used in rapidly administered anesthetic dosages (above 8 pg/kg) 
The neuromuscular blocking agent should be compatible with the patient's cardiovascular status Adequate 
facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA 
it is essential that these facilities be fully equipped to handle all degrees of respiratory depression. 


PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debili 
tated patients. The effect of the initial dose should be considered in determining supplemental doses. Vita 

signs should be monitored routinely. Nitrous oxide may produce cardiovascular depression when given with 
high doses of SUFENTA (see CLINICAL PHARMACOLOGY). The hemodynamic effects of a particular muscle 
relaxant and the degree of skeletal muscle relaxation required should be considered in the selection of a 
neuromuscular blocking agent. High doses of pancuronium may produce increases in heart rate during 
SUFENTA-oxygen anesthesia. Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia 
and has been responsive to atropine. Respiratory depression caused by opioid analgesics can be reversed by 
opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist actien, appropriate surveillance should be maintained. 


As with all potent opioids, profound analgesia is accompanied by respiratory depression and diminished sensi- 


tivity to CO, stimulation which may persist into or recur in the postoperative period. Appropriate postoperative 
monitoring should be employed to ensure that adequate spontaneous breathing is established and maintained 
prior to discharging the patient from the recovery area. Interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiovascular effects may be 
enhanced when SUFENTA is administered to patients receiving barbiturates, tranquilizers, other opioids, general 
anesthetics or other CNS depressants. In such cases of combined treatment, the dose of one or both agents 
should be reduced. Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 
Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or 
controlled respiration. Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA 
should be administered with caution due to the importance of these organs in the metabolism and excretion 
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ON TRACK 


SUFENT 


sufentanil citrate) Injection ( 


Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation’ 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 
aortic surgery compared with isoflurane’ 
(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules to open 


¥SurENTA 

Darcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
ave been perforied to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
woduced no structural chromosome mutations. The Ames Salmonella typhimurium metadolic activating 
ast also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 


‘regnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
iven in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
10st probably due to maternal toxicity (decreased food consumption with increased mortality) following 


‘olonged administration of the drug. No evidence of teratogenic effects have been observed efter administra- 
ion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women. 


SUFENTA should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


-abor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
‘herefore, such use is not recommended. 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
‘xcreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 


Yediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardio- 


/ascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous LDso of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in 
juinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
Jp to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
jue to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 


ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and 
skeletal muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of 


‘espiratory depression and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involv- 


ng 320 patients administered SUFENTA were: hypotension (7%), hypertension (3%), chest wall rigidity (3%) 
and bradycardia (3%). Other adverse reactions with a reported incidence of less than 1% were: 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENIA (sufentanil citrate) is a Schedule || controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused. 


OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of over- 
dosage with SUFENTA have been established during clinical trials. The intravenous LD<, of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (see ANIMAL TOXICOLOGY for LD,,s in other species). Intravenous administration 
of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonsst. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respira- 
tion. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should be determined on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRECAUTIONS) 
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Springs Instrument Co. “State-of-the-art” monitoring probes in both disposable and unique limited re-use kits. _ 
With carefully designed-in patient and user benefits, Sheridan and YSI products are compatible with almost every 
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almost every medical application. 













SHERIDAN SONATEMP™ , the ; 
esophageal stethoscope with YSI Series » A 
400 or 700 Thermistor Probe. Consistent Vea 
d reliable monitoring of heart and an: 
SHERIDAN/FO-LY-CATH™, with ord E 
YSI Series 700 Thermistor Probe, now ventilatory sounds and core temperatures. | | | 
| lets you accurately and continuously | : 
| monitor patient temperature during | ay 
| extended surgery, recovery or as long as SHERIDAN SONATEMP/ LTU™, with 1 RS 
the Foley is required. YSI Series 400 or 700 Thermistor Probe. | l 
The limited re-use YSI Thermistor with | 4 
disposable esophageal stethoscopes, | t 
available in kit form, A significant innova- | a 
tion bringing temperature monitoring with A 
l stethoscopic capabilities into routine 4 
patient use. | T 
For detailed information i a 
|| and immediate response, write or call i l 
Marketing Department ; E | Ae 
DEO ze, a a a || 
: | oie 0a: a | with limited re-use YSI Series | ea 
iI 400 Thermistor Probe and raaj S 
} _ disposable sheaths, see d | g 
in kit form. Ion E 
4 (5 





(tag 
zy 


CARE eat 


blood press 


Copyright © 1987, Key Pharmaceuticals, Inc., Kenilworth, New Jersey. All rights rest 





' Intravenous 


NORMODYNE 


(labetalol HC) Injection 





Lowers critically 
high blood pressure... 
prompilly...smoothly... 











reliably 


u onset of response in five to ten minutes 


a can be carefully controlled 
little risk of “overshoot” 


The blood pressure should be monitored 
during and after completion of the infusion or 
intravenous injections. Rapid or excessive falls 
in either systolic or diastolic blood pressure 
during intravenous treatment should be 
avoided. In patients with excessive systolic 
hypertension, the decrease in systolic pressure 
should be used as indicator of effectiveness 

~ in addition to the response of the diastolic 
pressure. 


For Brief Summary, please see next page. 





5 mg/mL 


= cardiac output maintained 
helps assure vital organ perfusion 


a heips prevent reflex tachycardia 
ano intra-arterial monitoring required 


= no toxic metabolite 
avoids cyanide toxicity 


# easy to administer 


Because symptomatic postural hypotension 
(incidence 58°%) is likely to occur if patients are 
tilted or allowed to assume the upright position 
within three hours of intravenous administra- 
tion of labetalol, the patient's ability to tolerate 
an upright position should be established 
before permitting any ambulation. 


13072060 


NORMODYNE® 
brand of labetalol hydrochloride 


Injection 


BRIEF SUMMARY 


INDICATIONS AND USAGE 
NORMODYNE (lebeniol HCl) Injection is indicated for control of blood premere in severe hypertension, 


PRODUCT INFORMATION 


NORA TE ee) ene ie anha, avert cardiac fadhore, greater chan fire 
degree heart block, casdingenic shock, and severe bradycardia. (See WARNINGS.) 


Sympathetic sthnolation is a rial component supparting clrculstory fonction in congescive heart falksre. 
tig ms startle age sed moe sevese failure. 


develogs, NORMODTYNE (Hiherslol 
ga nakak and other memeres appropriate for the manegament of unsmabie agina should 


{e.g chronic bronchitis end ecaphyecma) NORMODYNE (labetalol! HCI) Injection 
the usual Ineravenoos Mt Geka ce Gen eat a als eng ts cr en ie should 
not be used in mch peticnis. 
Pheachromocicumat 


Nie ee Te ee ee eae 


sprone in patients with pheochsonsocptomm: than omal doses abi neni parkkal 
repose bmt ec reported tna per wik ma sharia, woe Gt rae: HCI p 


patients pheochromocytoma. 

Diabetes MoT neg aad Beta-edrenenzic blockade 

senses the selene care) fase pen. Ta py ra hae ae, Stn fcc ko 
Serger: The necemizy of desieebility of withdonwing bers- therapy price 1o mejor surgery is coobeversial, 


Protected severe and difficulty arin ee dy tba bok oe oo 
Tie ehea d enlai EK IY eft sienespe sve at ote reac i iraro 
A sotgin between anesthesia has e T 


HA and İnteracttons). 
AE Sa le reich a T 


indarction, opel: lechernic changes in with other 
ages when prey cred Bod wes redacted over tine courses of nly dele vi er oa 
desired biad presmre lowering thewi be achieved ower as long a period of tise as i compatthte with the 

a ae jase {incidence 5&%) is likely to occur i ie tect 

ability che nie his of — perakan = 
to an 

Jemanddice ov Heese Ox. rare occasions, oral isbecalol has been smocketed with jaundice (both bepatic and 

dukauic): ka ed thes creamscat with iebetalal HCI be A & patient 


sopped iraesedieteiy, shouki 
Erari A ho os Wists Sorte metar iy aa tea aag water im hee ears 
Tntormation fer: Patients 
The following informacion is intended to aid in the safe end elective ase 
Se "Te pate a be ba eivined on nw adal ws beco 
Een ke pe Soon Eee chef owt ease ah 
ee (See DOSAGE AND 


with labemici HCI bs werrantec: 
iran a peer btn seporned wich 


ost a paica saric, 
Patienss being wih NORMODYNE Tabien hel co pec ope cartes failure. | 
Abo, transient scalp tingling may occur, omally when treatment initiated (see ADVERSE 


of this medication. bt noc a dwchoeure of all 
following (for up 10 3 bous) NORMODYNE Injection, the 


Laboratory Tews 

Routine bebceacory cess are osdinerily not required before or efter Intarrencas with concomitant 
ttiieasce: nach ET tarpuirel NAA URETRA, i a a ghar NA yrei mea 
Drog 


Interactions 

Since NORMODYNE (labetalol HET) injection may be adratndsered T S skeeady being meared with other 
otber rong is cheese patients 2 oecemsery to detect wad treat 

ln sven 23% So cael ics uit bank Age ncn ee eferoea 

beno as a O with ienjol HCO abne. The conmietion of each of the tsertments to this 

adverse reaction mace won th pomit ef geen cannot be excluded. 2 

Drugs peeing bets es properties can lilane kachel ciero bence tenia 

Via becoeronrnem haeke, en a pan mong ial oa E a a 

acpi high E D e wip meld pyr HCI admieristesed 

oes enhanced absorption or by an serstion of beperic metabollem of labetalol 


oul mowed tee required for blood peemare contro! in such packenss. 
Saraan So bean ihien koren balatere merida acd intareencusly adeninistered labetalol HCL. Durkeg 


controlled hypotensive anesthesia beberalol HCI in amociation with bslochane, concenmations (9% or shore) af 
bathe saad ee be nl tree Se pe of proin wl be rec and nae fe ols lege 
Se eee anesthesiologhe shoald be when a 


a FCS as the retcx nchel procaced nttroghpoerin withour preventing bc hypotensive eect. If 
ienie AC Ba the rex acne poe by agen wba eed ka pe sheet ay Gos 


Te pen slob a her myn tn feleely incressed Jevals of crinary 


cxechoberaines 
when mezsored by s nonspecific (THY) reaction. de righ a pal cea 
crome and treated with ieberalot specific radlowzyraecic 
techniques be used ep determine levels of catechobaostnes or their 2 


Carcinoganaris, Mutagenesis, Impakonent of Fertility 
Long-term oval dosing studies with lebetalal HCI for 18 montha in mice and for 2 yeas tn rats showed no evidence of 
Sructes with labetalol HCL Sorbian a aaepe E nits and mic and exposing sicroorpuniscs 


Se erage caren 
er her psi reco were seen ba tech peer oe rennin MRHD. Thee 
should be pregnancy andy if oneal 


god well-contnlled studies warner Laberalol the potential 
reo topos prc pai ar ede ' 
Nostentogenie Fifer 
of mothers who wese treated with labetalol HCI for peagnancy did not appear to be adversely 
siezelty te "Gu nine of Weal ge een ence Sadie sae 
a decrease 
Labor and 
Labetalol HC] to pregnant woosen with hypertension did not appear to affect the usual course of labor and delivery. 
Mothers 
Sam een of Whe aprinat 0.00% of he mal dee) me exe nan Caution should be 
exercleed when Injection js acewindstered to a nosing wornan. 


Pedistric Use 
Safety and cflectiveness in childern here noe been establiched. 


Moderate bypotension in 
nirean 
Injection with the incidence per 100 patients a3 noted: 


Seen 
Comtad aad Peripher Nerana Syaera in X; tingling of che scalp/skin 7; hypoesthesis {numborsm)}, and vertigo 


1 each. 
ee eee ee ce wad tane dimortion, | each. 
Mesabolic Decrders Trenskent increases and serum creatinine levels occerred in 8 of 100 parkeras: 
ee i ood peur, gla pc wih prt oa sei 
Rewuumory Syoes Wheering in L 
Tia ee depends the dose of nbetalol HCL The irge is with oral 
Teacbons labetalol 
HCI (sce NORMODYNE Tablet maven ke Gaull). Cerain ai iie ai ere Fees wis RETIN oral 
doe as shown in: the table below which depicts the entie US. trials deve bene fx adverse seactions thet ere 
cheacly of pousibly dose related. 
Labetalol HCI 
Daily Dose (meg) 200 300 400 600 800 9O (700 160 2400 
Number of Purkencs 522 181 606 on 503 117 411 242 175 
a a a ee ee ae a ies ae: 
Newes <i g H p 4 9 ? 1 3 
Vomiting 9 6 <i <i <i 6 i 2 3 
ia air t ð Z H i 0 2 2 4 
2 Q 2 2 1 I 2 5 5 
Bacute Pallum oo + © i 3 3 4 3 f 
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necessary: Exea ox epinephrine. e 


mura fend diets rude med ada: andre dobssaaiha: cay skate act Hypoarnsion — 
A There fs evidenos char be che of choice. 
vEeopremon, eg., norepinephrine. nosepinephyine may drog 


In sevese beta-blocker overdose resulting in sh pleas n b been shown to be effective 
i acinar aed In aa aa S to ER ower 30 ecork, continous Infasion of 5 mahr that can 
Neh nor peritonee! diskyes removes a significant mnount of labetalol HC! from the general chrenlation 


i) 
vske of isbetalol HCI in the mouse is appeocineetedy 600 mg/kg anc in che rat is genter chan 2 The 
raa LO dew pas 50 we eats mr 


roe centenes af ether rwo 20 ml vinki (4 rc one 40m vinl, are aid o 160 mo 
uid sach thet the resaktane 200 mil of soletion contains 200 mg of wbetalol HCI, 1 wgtal. The 
be admirdsesed at a rete of 2 mimin to deliver 2 
acide a en consens of either rwo 20 al viais (40 ml), or one 40 m! vial, of NORMODYNE (Lebetalol 
t0 250 mal of a commonly used ummwencu Beid, The vesueane a tied aaa ep 
The dilated soducion should be administesed at a rate of 3 mimin a 


ae FAP i pe 
of infiuton of the dilered sobrting be adjared according to the blood premere at the discretion of 
the To faciiitace u desired an of inhalan. the ellene’ aGhition can be ifin dilod a conraetlad alkesatictiog 


py padini bereri or driven 
Sice the bafi! o abiti pad O9 boas r Bood iaei fa te Dace ofa richor taea of naaien) sooi 
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Breed penal pore The effective intravenous does i usually in 
the of 50 wo 200 wg. A psi pele raay be required in some patieris. 
seat peg eae 


Tele: Slap on ding 


rre oenl doing 
o O O ne 
wth NORMODYNE (labeti HCD Tables map proceed as 


200 mg bid 400 ing 
400 mg bid BOO mg 
800 ing bid 1600 mg 
1200 mg bid 2400 ng 


“Hf needed, the coral daily dose mag be given in three divided dows. 
ss ee ae ee remem an Ot ER ee eee Cee: 
Oe lap copes tran maicena desing mt NORMODYNE Tbs Por krain DOSAGE 
sckittional recoramendations. 


with commecealy road intravenos fidi 
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ee ss ee ee a) oe ee 


ope wh ee (for 24 boon OF at Foo teraperstane} in mbxounes with che 
5% Dermo and ry se 

5% Lactased Ringers and 5% Desctrose Infection 

recat wei apd 

0.9% Sodtum USP 

5% Dextanec ai 0.2% Sodium Injection, USP 

2.5% Dextrose and 0.45% Sodimm Chloride Use 

5% Dextrose and Sodium Chloride Injection, 

TR Daron ed omar ran iam USE 


HCI) krgecrion was NOT comparitie with 5% Sodium Bicarbonate Injection, USP. 
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TRACRIUMS (atracurium besylate) Response is predictable, even with 
Injection is meaningfully different from all multiple injections or long periods 
other neuromuscular blockers. TRACRIUM of continuous infusion,’ allowing you 
is inactivated in plasma by two pathways, additional time for patient monitoring. 
Hofmann elimination and ester hydrolysis, 


that act independently of liver or kidney n La TRACRIUM, aa fee] 


— bin ie 9a paad confident of a predictable conclusion to 
i á ab "neuromuscular blockade. And your 


patients can be in the recovery room faster. 


E More Predictable, Superior Control 
TRACRIUM is an excellent agent for 
administration by repeated bolus injection 

or continuous infusion. The lack of 


E More Predictable Dosing 

The unique metabolism of TRACRIUM 
eliminates the need for age-related dosage 
adjustments.' Valuable time is not lost 


making dosage calculations. cumulative effects of TRACRIUM by 

E More Predictable Response infusion makes possible a smooth, steady- 
Repeated equipotent doses of level relaxation without the need for 

TRACRIUM, administered at equal multiple maintenance bolus doses 

intervals, have no cumulative effect.’ throughout a long procedure. 





; TRACRIU More 


. Copr. © 1987 Burroughs Wellcome Co. 
See brief summary of prescribing information on next page. Wellcome All rights reserved. TR-345 


TRACRIUM® INJECTION 
(atracurium besylate) 





Brief Summary 
This drug should be used only by adequately trained individuals familiar with its actlons, character- 
istics, and hazards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED GR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. it should be used 
only with adequate anesthesia. 


Tracrium injection, which has an acid pH. should not be mixed with alkaline solutions (8.0. 
barbiturate solutions} in the same syringe or administered simultaneously during intravenous infu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated. 
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PRECAUTIONS: | 
General: Although Tracrium is a tess potent histamine releaser than d-tubocurarine or metocurine, | 
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Produced by 





When requested 
& bottle comes with coll 


the possibility of substantial histamine release in sensitive individuals must be considered. Special 
caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.9., patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g., severe anaphylactaid reactions or asthma) suggesting a 
greater risk of histamine release. In these patients. the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute. 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range, 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants, 


Tracrium may have profound effects in patients with myasthenia gravis. Eaton-Lambert syndrome, 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted. 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis. 


The safety of Tracrium has not been established in patients with bronchial asthma. 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include: 
enflurane: isoflurane; halothane; certain antibiotics, especially the aminoglycosides and polymyxins: 


BO int 

; Nae email 
Weho] 4, Taxifaorgatiane 

RS GOTE Thymes 


Sop 4 ON ANESTHESIA 


lithium; magnesium salts; procainamide: and quinidine. N paming Literature 

gnes p e q E PONE AM a S ONEXPLOSIVË 
if other muscle relaxants are used during the same procedure, the possibility of a synergistic of YF tome SECURELY CLOSED 
antagonist effect shouid be considered. myat HEAT 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium, Tracrium should not be 
administered until a patient has recovered from succinyicholine-induced neuromuscular blockade. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells. 


Pregnancy: Terategenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: His not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary. The possibility that forceps delivery will be necessary may increase. 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
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section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
smalt amounts of Tracrium were shown to cross the placental barrier, The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during af 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium e | rst © e r O 
sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose shouid be 
lowered as indicated. ° e 
Nursing Mothers: it is not known whether the drug is excreted in human milk. Caution should be | F U O ri nN ate nN est eti C 
exercised when Tracrium is administered to a nursing woman. | : 
Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. i nN e Š A a 
ADVERSE REACTIONS: 
Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive + . 
clinica! trials. Mast were suggestive of histamine release isee Precautions Section}. The overall o 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% | O n ee r | n 
Most adverse reactions were of little clinical significance untess they were associated with significant ; > d 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 i nN est eT! C U r j Ty 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% of patients while the heart rate increased in 2.8% of these patients. At doses of ; 8 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% : e 
had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure increased in 1.9% and : OWeS ri ce O ny 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these i * 
patients. | N 
Observed in Clinical Practice: Based on clinical experience in the U.S. ang the United Kingdom of | Pote nt n esth eti C 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid} which, in rare instances. 
were severe (e.g., cardiac arrest); Musculoskeletal: inadequate. prolonged block, Cardiovascular: 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Respiratory. dyspnea, broncho- 
spasm, faryngospasm: Integumentary. rash. urticaria, injection site reaction. 
"Miller R, Rupp S, Fisher D, et al: Clinical pharmacology of vecuronium and atracurium. Anesth 
1984-61:444- 453. 
Payne J: Atracurium, in Katz R ied): Muscle Relaxants: Basic and Clinical Aspects. Orlando, Grune 
å Stratton, 1984, p 98. ; 
Eagar B, Flynn P Hughes R: infusion of atracurium for long surgical procedures, Br J Anaesth LABO RATORI ES INC 
1984:56:447~ 452. ? ° 
Copr. © 1987 Burroughs Wellcome Co. All rights reserved. TR-345 PO Box 833 
Burroughs Wellcome Co. i 
k | Lent idle : Hackensack, NJ 07602 
Wellcome | Research Triangle Park, NC 27708 (201 ) 3 43- 8703 
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Nellcor’s N-1000. 


The pulse oximeter 


and capnograph that 
meets standards. 


And exceeds expectations. 


NELLCOR”’ 


os 


atch only one screen. 


The N-1000 combines continu- 
ous $aO,, CO, and N,O measure- 
ments On a diagnostic quality 
display. It represents the most 
advanced techniques in respira- 
tory monitoring today. And for 
years to come. 


You can select alarms, data out- 
puts, screen format and trending 
times. Or just push one button 
for instant operation with no 
need to calibrate. 


Plus, the N-1000’s unique airway 
sampling system helps reduce 
clogging. 





Nellcor Incorporated 25495 Whitesell Street, Hayward, California 94545 
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Look no further. 





HHUAA TES 


Expand your applications. 


Now you can reliably monitor a 
wider range of patients, includ- 

ing those with high respiratory 

rates and small tidal volumes. 


And Nellcor’s C-LOCK™ technol- 
ogy built into the N-1000’s pulse 
oximeter improves performance 
with patient motion and low 
perfusion. 


For more information or a dem- 
onstration, please call your 
Nellcor representative or 
1-800-NELLCOR. 


415 887-5858 Telex 172 428 
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No matter how your 
patient twists and turns, 


Arrow-Flex helps keep 
PA monitoring accurate. 


Only the Arrow-Flex Percutaneous 
Sheath Introducer Kit helps assure 


accurate, safe PA monitoring four ways. 





Arrow-Flex 
helps prevent kinking. 
The exclusive Arrow-Flex Sheath helps 
keep the PA catheter kink-free, no 
matter how your patient moves. Kink- 
ing can reduce flow, dampen P waves, 
create deceptive readings. 


Our new High Strength 
.025” Spring Wire Guide allows 
one-step venipuncture. 
With our exclusive High Strength 
.025” Spring Wire Guide, you can use 
a 20 Ga. introducer to place the catheter 
in one step. The .025” Spring Wire 
Guide retains familiar .035” Spring 
Wire Guide control by using the same 
.015” core wire. A smaller helix reduces 
the outside diameter of the spring wire 
to.,020"., 


Cath-Gard® protects 
indwelling PA catheter. 
The exclusive Arrow Cath-Gard Shield 
isolates the PA catheter from external 
contamination, thus lessening manip- 
ulation and repositioning risks. 


Clear fenestrated drape 
for easier viewing. 
The new AK-09807 Kit contains a 
clear fenestrated drape to permit easy 
visualization of landmarks. 


Contact Arrow for details. 

Ask Arrow for complete information on 
the new AK-09807 and other PSI Kits 
and Sets. Call your Arrow Representa- 
tive, or Arrow International, Inc., Hill 
and George Avenues, Reading, PA 
19610. Phone 215-378-0131 or toll-free 
800-523-8446 (in Pa., 800-828-8327). 





INTERNATIONAL, INC. 
Targeting your clinical needs 
and cost realities. 





~ Essential for a complete, — l 
noninvasive cerebrovascular examination. 


e 2 MHz pulsed Doppler for noninvasive examination 
of the basal cerebral arteries: Middle cerebral artery, 
Circle of Willis (including communicating arteries), 
vertebral and basilar arteries, carotid syphon and 
opthalmic artery. This is a major addition to the 
composite of other noninvasive information. 

. immediate, repeatable, inexpensive and 
noninvasive alternative to angiography. « Detects 
transcranial stenoses and occlusions, and monitors 
vasospasms. ¢ Detects changes in intracranial 
pressure. + Monitors cerebral flow during surgery. 
Also used for long term monitoring. Ħ Facilitates 
selection and timing of angiography and 
cerebrovascular surgery. Ħ Highly portable for 
surgical, bedside or vascular lab use. « The power 
output is adjustable, making it suitable for use with 
neonates as well as adults. « Displays mean velocity 
in either cm/sec or KHz Doppler shift, systolic/diastolic 
ratio, peak systolic, vessel depth and flow direction. 
Freeze frame capacity. « Hard copy dot matrix printer 
(optional). e Call 1-800-334-4534 to place your order, 
for in-depth information or an on-site demonstration. 


*Optional 4MHz and 8MHz transducers for carotid and peripheral evaluations. 
Exclusive distributor in the USA and Canada for Eden Medical Electronics. 


Carolina Medical 
Electronics, inc. 


P.O. BOX 307, KING, N.C. 27021 USA, TELEPHONE (919) 983-5132 
Telex 80-6442 NCMEDELEC +% Cable CAMEL 








IARS REVIEW COURSE 
LECTURES AVAILABLE 


—— 1987, 61st Congress—25 Review 
Course Lectures—-$6.00 


—— 1986, 60th Congress—26 Review 
Course Lectures—-$6.00 


—— 1985, 59th Congress—26 Review 
Course Lectures—$6.00 


—_ 1984, 58th Congress—24 Review 
Course Lectures—$6.00 


—— 1983, 57th Congress—-16 Review 
Course Lectures—$5.00 


—_... 1982, 56th Congress—14 Review 
Course Lectures—-$5.00 


To: 

International Anesthesia Research Society 
3645 Warrensville Center Road 
Cleveland, Ohio 44122 


Please send Lecture Booklets checked above. 


My check, payable to [ARS in the amount of 
$ is enclosed. 
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See last page for brief summary of prescrbing information on NORCURON® | 
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Norcuron _ 
(vecuronium bromide) for injection 


Before prescribing, please consult complete product information, a summary of which follows: 
THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH | 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: None known. 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
UNDER THE SUPERVISION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND 
THE POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT 
BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN 
THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE 
PREPARED TO ASSIST OR CONTROL RESPIRATION. In patients who are known to have myasthenia gravis 
or the myasthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may have profound effects. in such 
patients, a peripheral nerve stimulator and use of a small test dose may be of value in monstoring the response to 
administration of muscle relaxants. 

PRECAUTIONS: Renai Failure: Norcuron® is well-tolerated without clinically significant prolongation of 
neuromuscular blocking effect in patients with renal failure who have been optimally prepared for surgery by 
dialysis. Under emergency conditions in anephric patients some prolongation of neuromuscular blockade may 
occur; therefore, if anephric patients cannot be prepared for nonelective surgery. a ‘ower initial dose of Norcuron® 
should be considered. 

Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, 
edematous states resulting in increased volume of distribution may contribute to a delay in onset time, therefore 
dosage should not be increased. 

Hepatic Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery 
time in keeping with the role the liver plays in Norcuron® metabolism and excretion. Data currently available do 
not permit dosage recommendations in patients with impaired liver function. 

UNDER THE ABOVE CONDITIONS, USE OF A PERIPHERAL NERVE STIMULATOR FOR ADEQUATE 
MONITORING OF NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVEFTENT EXCESS 
DOSING. 

Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may 
pose airway and/or ventilatory problems requiring special care before, during and after the use of neuromuscular 
blocking agents such as Norcuron® 
Malignant nivel nenne: Many drugs used in anesthetic practice are suspected of being capable of triggering 
a potentially fatal hypermetabolism of skeletal muscle known as malignant hyperthermia. There are insufficient 
data derived from screening in susceptible animals (swine) to establish whether or not Norcuron® is capable of 
triggering malignant hyperthermia. 

orcuron® has no known effect on consciousness, the pain threshold, or cerebration. Administration must be 
accompanied by adequate anesthesia. 
Drug interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect 
of Nercuron® ivecuronium bromide} for injection and its duration of action. It succinyicholine is used before 
Norcuron® the administration of Norcuron® should be delayed untii the succinyicholine effect shows signs of 
wearing off. With succinyicholine as the intubating agent, initial doses of 0.04 to 0.06 mg/kg of Norcuran® may 
be administered to produce complete neuromuscular block with clinical duration of action of 25 to 30 minutes. 
The use of Norcuron® before succinyicholine, in order to attenuate some of the side effects of succinyicholine, 
has not been sufficiently studied. 

Other nondapolarizing neuromuscular blocking agents act in the same fashion as does Norcuron™; therefore 
these drugs and Norcuron® may manifest an additive effect when used together. There are insufficient data to 
support concomitant use of Norcuron® and other competitive muscle relaxants in the same patient, 
inhalational Anesthetics: Use of voiatile inhalational anesthetics with Norcuron® will enhance neuromuscular 
blockade, Potentiation is most prominent with use of enflurane and isoflurane. With the above agents the initial 
dose of Norcuran® may be the same as with balanced anesthesia uniess the inhalational anesthetic has been 
administered for a sufficient time at a sufficient dose to have reached clinical equilibrium. 

Antibiotics: Parenterai/intraperitoneal administration of high doses of certain antibiotics may intensify or 
produce neuromuscular block on their own. The following antibiotics have been associated with various degrees 
of paralysis: aminoglycosides (such as neomycin. streptomycin, kanamycin, gentamicin, and dihydrostreptomy- 
cin); tetracyclines: bacitracin; polymyxin B. colistin: and sodium colistimethate. 

Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants a 
suggests that recurrent paralysis may occur. This possibility must also be considered for Norcuron™ Norcuron® 
induced neuromuscular blockade has been counteracted by alkalosis and enhanced by acidosis in experimenta! 
animals {cat}. Electrolyte imbalance and diseases which lead to electrolyte imbalance, such as adrenal cortical 
insufficiency, have been shown to alter neuromuscular blockade. Depending on the nature of the imbalance, 
gither enhancement or inhibition may be expected. Magnesium salts. administered for the management of 
toxemia of pregnancy, may enhance the neuromuscular blockade. 

Drug‘laboratory test interactions: None known. 

Carci is, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been 
performed to evaluate carcinogenic or mutagenic potential or impairment o! fertility. > 
Pregnancy: Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron”® 
Norcuron® should be given to a pregnant woman only it clearly needed, 

Pediatric Use: infants under 1 year of age but older than 7 weeks. also tested under halo‘hane anesthesia, are 
moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 1 1/2 times as iong to 
recover. information presently available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: Norcuron® was well-tolerated and produced no adverse reactions during extensive 
clinical trials. The most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an 
extension of the drug's pharmacological action beyond the time period needed for surgery and anesthesia. This 
may vary from skeletal muscie weakness to profound and prolonged skeletal muscie paralysis resulting in 
respiratory insufficiency of apnea. ; 

Inadequate reversal of the neuromuscular blockade, although not yet reported, is possible with Norcuron® as 
with all curariform drugs. These adverse reactions are managed by manual or mechanical ventilation until 
recovery is judged adequate. Little or no increase in intensity of blockade or duration of action of Norcuron® is 
noted from the use of thiobarbiturates. narcotic analgesics, nitrous oxide, or droperidol. See OVERDOSAGE for 
discussion of other drugs used in anesthetic practice which also Cause respiratory depression. 

OVERDOSAGE: There has been no experience with Norcuron® overdosage. The possibility of iatrogenic over- 
dosage can de minimized by carefully monitoring muscle twitch response to peripheral nerve stimulation, 

Excessive doses of Norcuron® can be expected to produce enhanced pharmacological effects. Residual _ 
neuromuscular blockade beyond the time period needed for surgery and anesthesia may occur with Norcuron® 
as with other neuromuscular blockers. This may be manifested by skeletal muscle weakness, decreased 
respiratory reserve. low tidal volume. or apnea. A peripheral nerve stimulator may be usec to assess the degree 
of residual neuromuscular blockade and help to differentiate residual neuromuscular blockade from other causes 
of decreased respiratory reserve. 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general 
anesthesia such as narcotics, thiobarbiturates, and other central nervous system depressants. Under such 
circumstances the primary treatment is maintenance of a patent airway and manual or mechanical ventilation 
unti! complete recovery of normal respiration is assured. Regono!® ipyndostigmine bromide) injection, 
neostigmine, or edrophenium, in conjunction with atropine or glycopyrroiate, will usually antagonize the skeletal 
muscle relaxant action of Norcuron”® Satisfactory reversal can be judged by adequacy of skeletal muscle tone 
and by adequacy of respiration. A peripheral nerve stimulator may also be used to monitor restoration of twitch 
height. Failure of prompt reversal (within 30 minutes) may occur in the presence of extreme debiitation, 
carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents and other 
drugs which enhance neurcnuscular biockade or cause respiratory depression of their own. Under such 
circumstances the management is the same as that of prolonged neuromuscular biockade 
DOSAGE AND ADMINISTRATION: Before prescribing, please consult complete product information. 
Norcuron® {vecuronium bromide) for injection is for intravenous use only. Dosage must be individualized in 
each case. The dosage information which follows is derived from studies based upon units of drug per unit of 
body weight and is intended to serve as a guide only, especially regarding enhancement o! neuromuscuiar 
blockade of Norcuron® by volatile anesthetics and by prior use of succinyicholine (see PRECAUTIONS, Drug 
interactions). Parenteral drug products should be inspected visually for particulate matter and discoloration prior 
to administration, whenever solution and container permit.. 

To obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the 
monitoring of muscie twitch response to peripheral nerve stimulation is advised. 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 mes the ED.) given as an 
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Norcuron® (vecuronium bromide} for injection 
intravenous bolus injection. This dose can be expected to produce good or excellent nonemergency intubation 
conditions in 2.5 to 3 minutes atter injection. Under balanced anesthesia. clinically required neuromuscular 
blockade iasts approximately 25 to 30 minutes, with recovery to 25% of control achieved approximately 25 to 40 
minutes after injection and recovery to 95% of control achieved approximately 45 to 65 minutes after injection. In 
the presence of potent inhalation anesthetics, the neuromuscular blocking effect of Norcuron® is enhanced. If 
Norcuron® is first administered more than 5 minutes after the start of inhalation agent or when steady state has 
been achieved. the initial Norcuron® dose may be reduced by approximately 15%, ie, 0.060 to 0.085 mg/kg. 
Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron® {f intubation is performed using succinyicholine, a reduction of initial dose of Norcuron® to 0.04 to 
0.06 mg/kg with inhalation anesthesia and 0.05 to 0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are 
recommended: after the initial Norcuron® injection, the first maintenance dose will generally be required within 
25 to 40 minutes. However, clinical criteria should be used to determine the need for maintenance doses. Since 
Norcuron® lacks clinically important cumulative effects, subsequent maintenance doses, if required, may be 
administered at relatively regular intervals for each patient. ranging approximately trom 12 to 15 minutes under 
balanced anesthesia, slightly longer under inhalation agents. {If less frequent administration is desired, higher 
maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 
0.15 mg/kg to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects 
to the cardiovascular system being noted as long as ventilation is properly maintained. 
Use by Continuous infusion: After an intubating dose of 80 to 100 ug/g, a continuous infusion of 1 ug/kg/min 
can be initiated approximately 20 to 40 minutes later. Infusion of Norcuron® should be initiated only after early 
evidence of spontaneous recovery from the bolus dose. Long-term intravenous infusion to support mechanical 
ventilation in the intensive care unit has not been studied sufficiently to support dosage recommendations 

The infusion of Norcuron® should be individualized for each patient. The rate of administration should be 
adjusted according to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate 
of 1 ugkg/min is recommended, with the rate of the infusion adjusted thereafter to maintain a 90% suppression 
of twitch response. Average infusion rates may range from 0.8 to 1.2 pg/kg/min. 

inhalation anesthetics, particularly enfiurane and isoflurane, may enhance the neuromuscular blocking action 
of nondepolarizing muscle relaxants. in the presence of steady-state concentrations of enflurane or isoflurane, it 
may be necessary to reduce the rate af infusion 25 to 60%, 45 to 60 minutes after the imtubating dose. Under 
halothane anesthesia it may not be necessary to reduce the rate of infusion. 

Spontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuron® 
infusion may be expected to proceed at rates comparabile to that following a single bolus dose. 

infusion solutions of Norcuron™ can be prepared by mixing Norcuron® with an appropriate infusion solution 
such as 5% glucose in water, 0.9% NaCl, 5% glucose in saline. or Lactated Ringer's. Unused portions of 
infusion solutions shouid be discarded. 


infusion rates of Norcuron® can be individualized for each patient using the following table: 


Drug Delivery Rate Infusion Delivery Rate 


{pg/kg min) imLkg/min) 
0.timgiml* 0.2 mg/mL’ 
08 0.008 0.0040 
0.9 0.009 0.0045 
10 0.010 0.0050 
14 0.014 9.0055 
1.2 0.012 0.0060 
13 0.013 0.0065 


*10 mg of Norcuron® in 100 mL solution. 
: 20 mg of Norcuron® in 100 mL solution. 


The foliowing table is a quideline for mL/min delivery for a solution of 0.1 mg/mL (19 mg in 100 mL) with an 
infusion pump. 


NORCURON®' Infusion Rate (mL/min) 


Amount of Drug 


(ug/kg'min} 40 50 90 100 
07 0.28 0.35 0.42 0.49 0.56 0.63 0.70 
0.8 0.32 0.40 0.48 0.56 0.64 9.7 0.80 
6.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
1.9 0.40 0.50 0,60 0.70 0.80 0.90 1.00 
1.1 0,44 0.55 0.66 0.77 0.88 0.99 1.10 
1.2 0.48 0.60 72 0.84 0.96 1.08 1.20 
1.3 0.52 0.65 0.78 0.31 1.04 117 1.30 


Note: if a concentration of 0.2 mg/mL is used (20 mg in 100 mL), the rate should be decreased by one-half. 


Dosage in Children: Older children (10 to 17 years of age} have approximately the same dosage requirements 
(mg/kg) as adults and may be managed the same way. Younger children {1 to 10 years of age} may require a 
slightly higher initial dose and may aiso require supplementation slightly more often than adults. infants under 
one year of age but older than 7 weeks are moderately more sensitive to Norcuron® on a mg/kg basis than 
adults and take about 1 1/2 times as long to recover. See also subsection of PRECAUTIONS titled Pediatric 
Use. information presently available does not permit recommendation on usage in neonates (see 
PRECAUTIONS). There are insufficient data concerning continuous infusion of vecuronium in children, therefore 
no dosing recommendation can be made. 
COMPATIBILITY: Norcuron® (vecuronium bromide} for injection is compatibie in solution with: 
0.9% NaCl solution 5% glucase in saline 
5% glucose in water Lactated Ringer's 
Sterile water for injection 

Use within 8 hours of mixing with the above solutions. 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to 
administration, whenever solution and container permit. 
HOW SUPPLIED: 10 mi viais (10 mg of vecuronium bromide} and 10 mL prefilled syringes of diluent 
(bacteriostatic water for injection, USP}. 22 g 1 1/4” needle. Boxes of 10 (NDC #0052-0441-60). 

5 mh vials (10 mg vecuronium bromide) and 5 mL. viats of diluent {bacteriostatic water for injection. USP). 
Boxes of 10 (NDC #0052-0440. 17). 

10 mL vials (10 mg vecuronium bromide} and 10 mL vials of dituent (bacteriostatic water for injection, USP}. 
Boxes of 10 (NDC #0052-0441-17). 

10 mL vials (10 mg vecuronium bromide} only; DILUENT NOT SUPPLIED. Boxes of 10 (NDC #0052-0441-15). 
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«Protects patients eyes from 
contact with drapes 

eShields patient’s eyes from 
debris or accidental injury 

«Seals to promote a ‘Greenhouse’ 
effect to keep eyes moist 
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Eye Guard is a full 5.0 mil thick clear piastic 


shield, backed with a soft medical grade 
foam and non-irritating adhesive to adhere 
to the face and enclose the eyes. 


Eye Guard is the ideal eye protector for 
surgical patients, allowing visualization for 
patient monitoring, and when adminisiering 
anesthesia with a mask, prevents anes- 
thesia gas from contacting eyes. Eye Guard 
minimizes the risk of accidental eye injury 
when placing or moving drapes or insiru- 
ments and from debris. Also, Eye Guard 
creates a ‘greenhouse’ effect, keeping the 
eyes moist during longer procedures. 


Eye Guard is non-sterile and applied during prepping, à 
prior to draping. Packaged in 10 unit cartons. 


$36 


© tence Medical, inc. 1987 
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Re-Order Label 


Clearplastic Shield 
50 mE Thickness 


Medical grade 
polyethylene foam 








Treace Medical, Inc. 
3955 Vantech Dive 

Bh 22% vo TN 38445 USA 

lo Order Call: 1-800-238-8823 (US Ex AK, TN} 
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Pediatric Anesthesia Topics: * Monitoring the Pediatric Cardiac Patient | Obstetrical/Anesthesia Topics: “Effect of Epidural Anesthesia on tne 





*Resuscitation of the Newborn 

e Neonatal Respiratory and 
Cardiovascular Physiology 

«Temperature Regulation in the 
Neonate 

*Pediatric Pharmacology 

«Anesthetic Risks in Infants 

+Preoperative Preparation of the 
Surgical Preterm infant 

«Anesthesia for the Infant Ages One 
Month to One Year 

«Fluids and Electrolyte Therapy—The 
Neonate, infant and Chid 

e Anesthetic Problems in the Preterm 
infant 

*Neonatal Surgical Emergencies 

«Neuromuscular Blocking Drugs in 
Pediatric Anesthesia 

einduction and intubation Techniques 
for infants and Children 

*Croup and Epigiottitis 

«Pediatric Cardiopulmonary 
Resuscitation 

s Anesthesia for the Child with Cardiac 
Disease for Norn-Cardiac Surgery 

* Anesthesia for Patent Ductus Ligation 

Pulmonary Dysfunction in CHD 

* Anesthesia for Correction of Cardiac 


*Hypothermia for Correction of CHD 

Should Succinyicholine be used in 
Pediatric Anesthesia? 

«Should Dextrose be Given 
intra-Operatively? 

Should Postoperative Pain Relief be 
Utilized Routinely? 

*Are There Uses For High Frequency 
Ventilation in Children’ 

*Should Pulse Oximeters be used 
Routinely in Pediatric Anesthesia? 

» Should Capnography or Mass 
Spectrometry be used Routinely? 

*Shouid the Ex-Premie Graduate be 
done as an Outpatient? 

*Blood Replacement in the Surgical 
Pediatric Patient—Current Concepts 

*Hypotensive Anesthesia in Children— 
Current Concepts 

«Malignant Hyperthermia~Current 
Concepts 

* Anesthesia for the Pediatric Trauma 
Patient 

* Anesthesia for Liver Transplant 

«Anesthesia for the Child with Cold 
and URI 

Anesthesia for Foreign Bodies in the 
Airway 


«Resuscitation of the Newborn 

*Principles of Perinatal Pharmacology 

*Local Anesthetics—-How Do They 
Work? 

«(Obstetrical Anesthesia and Uterine 
Blood Flow 

*Rational Choice of Local Anesthetics 
for Obstetrical Anesthesia 

«(Choice of Vasooressors in Obstetrical 
Anesthesia 

«Drug Interactions: Obstetric 
Medication and Anesthetic Agents 

*Non-Opstetric Surgery in the 
Pregnant Patient 

*Use of Epidural and intrathecal 
Opiates 

«Narcotic Agonists, Antagonists, and 
Receptors 

*How to Avoid Litigation in Obstetrical 
Anesthesia 

* Anesthetic imphcations of Maternal 
Physiologic Chances 

*Local Anesthetic Toxicity- 
Mechanisms, Controversies, 
Treatment 

*Effect of Epidural Blocks on Feta! 
Well Being 

*How to Make Spinal Anesthesia Safe 


Progress of Labor 

+ Continuous infusion Epidural Biocks 

*Management of the Wet Tap 

«Anesthesia for Cesarean Section 

*What is Our Role in Anesthetic 
Management of the Patient with 
Pregnancy induced Hypertension? 

* Anesthetic Management of the 
Asthmatic Obstetric Patient 

«Contending with Amniotic Fluid 
Embolism 

«Whatisa “Test Dose” and Do You 
Need a CV Marker? 

*Protection of the Fetus From 
Hypoxemia 

* Anesthesia for Normal Delivery 
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Defects *Open Eye injuries Ater a Recent Mea! 


For information Contact: 
Department of Anesthesiology, Illinois Masonic Medical Center, 836 W. Wellington, Chicago, Illinois. 





Telephone: 312/883-7035/7041. The courses are approved for 20 hours each, Category |. 
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UNTIL NOW. 


No moving parts. 
No clogging. 

No contamination. 
No problems. 


Solid State Mainstream 
Capnography. 


Only from 
Novametrix. 


Call toll free at 1-800-243-3444. Or 
write Novametrix Medical Systems, Inc., 
3 Sterling Drive, P.O. Box 690, 


Wallingford, CT 06492. NOVAMETRIX 














IN SHORT SURGICAL 
PROCEDURES, 

AN OPTIMAL OPIOID 
ANESTHETIC FOR 





RAPID ONSET 
OF ACTION 


for prompt control of hemodynamic response 
to surgical stimulation* 


SHORT DURATION OF 
ANALGESIC ACTION 


permits titrating to patient response 


PROMPT RECOVERY 


in short-stay procedures? 






world leader in anesthesia research 
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PHARMACEUTICA 


© Janssen Pharmaceutica Inc. 1987 JPI-AL-014 





A PHARMACOKINETIC PROFILE 
THAT PERMITS FLEXIBILITY OF 
DOSING TECHNIQUE 


d BOLUS/INCREMENTAL 
: ADMINISTRATION 


for short procedures lasting up to 30 minutes 
in spontaneously breathing patients, or for procedures 
lasting 30 to 60 minutes in intubated patients 


CONTINUOUS 
INFUSION 


for procedures lasting more than 45 minutes 
in intubated patients 
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*As with other opioids, hypotension and bradycardia have been reported. 


‘As with all potent opioids, appropriate postoperative monitoring should be employed to ensure that adequate 
spontaneous breathing is established and maintained. 


The duration and degree of respiratory depression and increased airway resistance usually increase with dose, but have 
also been observed at lower doses. Because of the possibility of delayed respiratory depression, monitoring of the patient 


must continue well after surgery. Skeletal muscle rigidity is related to the dose and speed of administration of ALFENTA. 
Dosage should be individualized in each case. 


See following page for brief summary of Prescribing Information. 
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Alfenta 


(alfentanil HCI) Injection Œ 


AN OPTIMAL OPIOID ANESTHETIC FOR MOMENT-TO-MOMENT CONTROL 


BEFORE PRESCRIBING, PLEASE CONSULT COMPLETE PRESCRIBING INFORMATION, OF WHICH 
THE FOLLOWING IS A BRIEF SUMMARY. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride equivalent to 500 ug per mi of alfentanil base for intravenous injection. The solution, which 
contains sodium chloride for isotonicity, has a pH range of 4.0-6.0. 


CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known 
hypersensitivity to the drug. 


WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE 
USE OF INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY 
EFFECTS OF POTENT OPIOIDS. 

AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD BE 
READILY AVAILABLE. 

BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING OF THE PATIENT 
MUST CONTINUE WELL AFTER SURGERY. 

ALFENTA (alfentanil hydrochloride) administered in initial dosages up to 20 pg/kg may cause skeletal 
muscle rigidity, particularly of the truncal muscles. The incidence and severity of muscle rigidity is usually dose- 
related. Administration of ALFENTA at anesthetic induction dosages (above 130 ug/kg) will consistently produce 
muscular rigidity with an immediate onset. The onset of muscular rigidity occurs earlier than with other opioids. 
ALFENTA may produce muscular rigidity that involves all skeletal muscles, including those of the neck and 
extremities. The incidence may be reduced by: 1) routine methods of administration of neuromuscular blocking 
agents for balanced opioid anesthesia; 2) administration of up to 1/s of the full paralyzing dose of a neuro- 
muscular blocking agent just prior to administration of ALFENTA at dosages up to 130 pg/kg; following loss of 
consciousness, a full paralyzing dose of a neuromuscular blocking agent should be administered; or 3) simulta- 
neous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking agent when ALFENTA 
is used in rapidly administered anesthetic dosages (above 130 pg/kg). 

The neuromuscular blocking agent used should be appropriate for the patient's cardiovascular status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients administered 
ALFENTA. It is essential that these facilities be fully equipped to handle all degrees of respiratory depression. 


PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
ARRHYTHMIAS AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE 
MONITORED CONTINUOUSLY 

General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly 
and debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. 
In obese patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined 
on the basis of lean body weight. 

In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by appearance of 
delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 

In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA 
may be reduced and postoperative recovery may be prolonged. 

Induction doses of ALFENTA should be administered slowly (over three minutes). Administration may pro- 
duce loss of vascular tone and hypotension. Consideration should be given to fluid replacement prior to induction. 

Diazepam administered immediately prior to or in conjunction with high doses of ALFENTA may produce 
vasodilation, hypotension and result in delayed recovery. 

Bradycardia produced by ALFENTA may be treated with atropine Severe bradycardia and asystole have 
been successfully treated with atropine and conventional resuscitative methods. 

The hemodynamic effects of a particular muscle relaxant and the degree of skeletal muscle relaxation 
required should be considered in the selection of a neuromuscular blocking agent. 

Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. 

Administration of ALFENTA infusion should be discontinued at leas 10-15 minutes prior to the end 
of surgery. 

Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as 
naloxone. Because the duration of respiratory depression produced by ALFENTA may last longer than the dura- 
tion of the opioid antagonist action, appropriate surveillance should be maintained. As with all potent opioids, 
profound analgesia is accompanied by respiratory depression and diminished sensitivity to CO, stimulation 
which may persist into or recur in the postoperative period. Intraoperative hyperventilation may further alter 
postoperative response to CO,. Appropriate postoperative monitoring should be employed, particularly after 
infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing is established and 
maintained in the absence of stimulation prior to discharging the patient from the recovery area. 

Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 

Impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, 
decreased respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted 
or controlled respiration. 

Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 

Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular 
effects may be enhanced when ALFENTA is administered in combination with other CNS depressants such as 
barbiturates, tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may 
be enhanced or prolonged by these agents. In such cases of combined treatment, the dose of one or both agents 
should be reduced. Limited clinical experience indicates that requirements for volatile inhalation anesthetics are 
reduced by 30 to 50% for the first sixty (60) minutes following ALFENTA induction. 

Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma 
clearance and prolong recovery. 

Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant 
lethal test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg 
(approximately 40 times the upper human dose) produced no structural chromosome mutations or induction of 
dominant lethal mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no 
mutagenic activity. 

Pregnancy Category C: ALFENTA has been shown to have an embryocical effect in rats and rabbits 
when given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects 
could have been due to maternal toxicity (decreased food consumption with increased mortality) following 
prolonged administration of the drug. 

No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 

There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 





Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. 
Placental transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 

Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels 
of ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no 
detectable levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a 
nursing woman. 

Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not 
presently available. 


ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle 
rigidity, are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS 
and PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. 

Delayed respiratory depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension 
have also been reported. 

The reported incidences of adverse reactions listed in the following table are derived from controlled and 
open clinical trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved 
treatment comparisons with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are 
based on disturbing and nondisturbing adverse reactions reported. The comparative incidence of certain side 
effects is influenced by the type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials 
of alfentanil induction, and by the type of surgery, e.g., nausea and vomiting have a higher incidence in patients 
undergoing gynecologic surgery. 


Thiopental Saline 
ALFENTA Fentanyl Sodium Enflurane Halothane Placebo* 
(N=785) (N=243)  (N=66) (N=55) (N= 18) (N= 18) 
%, % % % % % 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 g 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 7 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 § 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 


“From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: 

Laryngospasm, bronchospasm, postoperative confusion, headache, shivering, postoperative euphoria, 
hypercarbia, pain on injection, urticaria, and itching. 

Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA. 


DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule |! controlled drug sub- 
Stance that can produce drug dependence of the morphine type and therefore has the potential for being abused. 


OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No 
experience of overdosage with ALFENTA was reported during clinical trials. The intravenous LDso of ALFENTA 
is 43.0-50.9 mg/kg in rats, 72.2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in guinea pigs and 59.5-87.5 mg/kg in 
dogs. Intravenous administration of an opioid antagonist such as naloxone should be employed as a specific 
antidote to manage respiratory depression. 

The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents 
may be required to manage hemodynamic instability. 
DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized 
in each patient according to body weight, physical status, underlying pathological condition, use of other drugs, 
and type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total 
body weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of 
ALFENTA should be reduced in elderly or debilitated patients (see PRECAUTIONS). 

Vital signs should be monitored routinely. 
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THE BARD’ 
ALFENTANIL 
INFUSER 
FOR 


Designed specifically for accurate 
administration of alfentanil 


Calculates flow rate based on infusion rate, 
patient’s body weight and drug concentration 


Convenient rotary switches provide optimal 
flexibility for bolus or infusion doses 


Incorporates audio and visual 
safety features 








Call 1 (800) 343-0366 or your Bard MedSystems’ 
Representative for more information. 


See preceding page for brief summary of Prescribing 
Information for ALFENTA® (alfentanil HCI) Injection G. 


IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award. 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the [ARS annual meeting; Educational 
Members pay no registration fee. 


. . . . MEMBERSHIP CATEGORIES .... ' 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $60.00 U.S.; $77.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
{interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 
Please send me application(s) for: Membership ( ) 
Associate Membership (_____) 
Educational Membership (mmm) 








Please print clearly: 
E á Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 
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A little monitor 
with a lot of muscle. 
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Introducing Omni-Trak;™ the world’s most powerful 
` and flexible vital signs monitor. 


ere at last is a surgical vital signs monitor so advanced 
lat it integrates the most sophisticated technology into 
compact, cost-effective work station. A monitor so 
werful and efficient that machines twice its size don’t 
ive half the capabilities. 


mni-Trak “ by Invivo Research Laboratories. 
ever before have so many features been designed into 
1e single monitor! Yet Omni-Trak is completely user 
tendly. Its unique design gives anesthesiologists more 
tegrated functions to choose from, but fewer buttons 
» deal with. Plus Omni-Trak has built-in features you 
on't find in any other monitor on the market today. 
atures like: 

Five leads of ECG with superior ESU filtering 

Up to four pressures, including NIBP 





Omnt-Trak is of such high quality and 
so technologically advanced that it is 
the only surgical vital signs monitor 
in the world capable of working in the 
hostile MRI environment 


_ Temperatures, pulse and respiration 

_] Five complete monitor configurations stored 
recalled instantly 

_| Sophisticated trends on all parameters 

You can't beat Omni-Trak’s power and flexibility. Or its 

quality. Or its price tag. It’s a superior machine of un- 

paralleled performance. 


Write or call today for more information or a hands-on 
demonstration. 


Invivo 
Research 
Laboratories 
3061 West Albany 
Broken Arrow, Oklahoma 74012 
1-800-331-3220 





e Improve basic and clinical knowledge in anesthesiology 

e Assist residents and fellows in organizing study 

o Prepare board candidates to take board examinations 

e Provide practicing anesthesiologists with a review and update 


The Anesthesiology Boards Review Course 


*Any Six Days 


April 12 - 20, 1988 — San Francisco 
October 18 - 26, 1988 — Tampa 


Now, your only BOARD REVIEW just before Oral Exams 
is also an excellent update in practice and preview forWritten Exams 
OBJECTIVES 


METHODS 


e HOME STUDY MATERIALS with a syllabus of questions 
and answers — and assignments 

e SEMINAR with projection slides and syllabus 

e PRACTICE EXAMS with oral and written parts 


* April 12-17 and Oct. 18-23 (live). April 18-20 and Oct. 24-26 (video replays). Any six consecutive days will complete the course. 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 

not only from world-famous authorities but from people who are relatively unknown as well.™ 

PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 


Hepatic and Renal Physiology 


Acid-Base and Blood Gas 
Endocrine Physiology 
Thermoregulation 


PHARMACOLOGY 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Muscle Relaxants 
Autonomic Drugs 


Cardiac, Diuretic & CNS Drugs 
Drug Interaction and Genetics 


PHYSICAL SCIENCES 
Topical & Radiographic Anatomy Obstetric Anesthesia 


Cardiopulmonary Anesthetics 
Biochemistry and Mathematics 
Mechanics, Flow, & Gas Laws 


Anesthesia Machines 
Monitors and Ventilators 


Defibrillators and Pacemakers 
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FUNDAMENTAL PRACTICE 


Preop Evaluation & Preparation 
Positioning and Monitoring 

Airway Management 

Fluid, Electrolytes, & Blood 
Cardiopulmonary Disease 
Hepatorenal & Metaboloic Disease 
Recovery Room 


REGIONAL ANESTHESIA 


Neuroanatomy 

Local Anesthetics 

Autonomic Blocks 

Spinal and Epidermal Blocks 
Caudal and Peripheral Blocks 
Intravenous Nerve Blocks 
Complications & Legal Medicine 


SPECIALTY AREAS 


Pediatric Anesthesia 
Neuroanesthesia 

Opthamlic & E.N.T. Anesthesia 
Geriatric and Outpatients 
Critical Care 

Chronic Pain 


Limited Enrollment: ANESTHESIOLOGY BOARDS REVIEW REGISTRATION 


Name 





Address 





City/State/Zip 





Phone __ 


Mail today to: 


1094 Dawn Lane, Dept. AA3 
P.O. Box 2218 
Terre Haute, IN 47802 


April 12-20, 1988 
| October 18-26, 1988 
C] Check enclosed for $ 


c] 
mej 


lease send more information 
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"Accomodations were comfortable...."* * 
GOALS AND LOCATION: The course will 
be held in the San Francisco Bay Area and 
the Tampa Bay Area as regional reviews for 
both written and oral exam. Home-study 
questions are sent upon registration. Your 
best value is to repeat the seminar for $315 
or $90 the week before and in the same city 
as the oral exam. Topics and faculty are 
upgraded for each program. It is also an 
update for practicing anesthesiologists. 
Meetings will be in the best combinations of 
luxury hotels and bargain rates. Our previous 
programs at Hiltons, Hyatts, Marriott, 
Adam’s Mark, and Meridian have been atc 
below $70 single and $84 double. 


" and those little extras...."* 


LOWEST AIR FARES AND HOTEL: We 
have negotiated group discount airfares 
below super saver rates. Please wait for 
instructions before buying travel tickets. 


"the most education for the money."™ 


FEES AND C.M.E. CREDITS: 

eC.M.E. Credit: 60 hours 

e Residents and Fellows: $420 

e Practicing Anesthesiologists: $630 

e Repeating first time within 3 years: $315 

e Repeating other times within 3 years: $90 

e Add 10% to payment after Mar. 15, 1988. 

e Attendees not in course hotel add $8/day. 

e $50.00 will reserve your position. Ae 

ə Most home study materials will be mailed 
after half the registration fee is received. 

e Additional materials will be received alter 
completion of home study assignment. 


"home study material was extremely helpful.” 


CANCELLATIONS: Refunds subject to $50 
fee, will be made until the seminar begins. 
eCancellations after mailing most home 
study material will require retention ol 

half of the fee. 


"remarkably complete and pleasant.™. 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
THE OSLER INSTITUTE 
1094 Dawn Lane, Terre Haute, IN 47802 
(812) 299-5658 


* Comments by past Osler participants . 











Dual action 
INOCOR LY. (AMRINONE) 


Inotropic plus 
vasodilating action 
in a single drug. 





Two-in-one action can CARDIAC 
improve hemodynamic response +69 


after cardiac surgery. 

In patients with congestive 
heart failure due to coronary 
artery disease, INOCOR I.V. 
increases CI and decreases 
preload and afterload without 
increasing MVO, or significantly ba 
increasing risk of arrhythmias. 

INOCOR I.V is “...an 
extremely useful tool... have TEAD 
been using amrinone...[for] 
wmotropic support to wean O 
patients from cardiopulmonary ybr pt aa was infused at 2.5 mg/kg over 1 hour. Adapted from 


Please see last page for important product information concernin 
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bypass and as a MEANS of askai sheisean adverse reactions, patient selection, and precautionary 
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bypass period. 


Roberta Hines, M.D. 
Yale University School of Medicine 
Yale University Hospital 


State-of-the-heart 


© inocor 


(AMIRINONE) 


Dual-acting therapy, 
instead of catecholamines 





% change from baseline 


State-of-the-heart 


(Brief Summary—see next page) 





INOCOR LY. 





0-in-one dual inotropic and 


vasodilator action provides 


improved therapy for the 
ac surgery patient. 


W Unlike catecholamines, INOCOR 
does not increase MVO, and can be 
used in ischemic patients with 





heart failure. 


W Unlike catecholamines, INOCOR 
does not significantly increase risk 


+ 





W Unlike catecholamines, INOCOR 
does not act on the beta receptors— 
may be effectively used in patients 


on beta blockers. 


of arrhythmias (see Precautions). 


Please consult full product intormation before prescribing. A summary follows 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
cardiac inotropic agents with vasodilator activity, distinct from digitalis 
lycosides or catecholamines 
DICATIONS AND USAGE (INOCOR lactate injection is indicated for the 
short-term management of congestive heart failure in patients who can be 
closely monitor 
diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of 
congestive heart failure. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INOCOR should be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
clinical effects. The duration of therapy should depend on patient 
responsiveness 
CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive to it 

= is also contraindicated in those patients known to be hypersensitive to 
bisulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in 
patients with severe aortic or pulmonic valvular disease in lieu of a relief 
of the obstruction. Like other inotropic agents, it may aggravate outflow tract 
obstruction in hypertrophic subaortic stenosis 

During intravenous therapy with INOCOR lactate injection, blood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure 


Patients who have received vigorous diuretic p may have insuffi- 
R lactate injection, 


cient cardiac filling pressure to respond adequately to INOC 
in which case cautious liberalization of fluid and electrolyte intake may be 
indicated 

Supraventricular and ventricular arrhythmias have been observed in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arrhythmogenic, the potential for arrhythmia, present in congestive heart 
failure itself, may be increased by any drug or combination of oy a 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS) 
LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes 
and renal function should be carefully monitored during amrinone lactate 
therapy. Improvement in cardiac output with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
may predispose digitalized patients to arrhythmias. Therefore, hypokalemia 
should be corrected by potassium supplementation in advance of or during 
amrinone use. 
DRUG INTERACTIONS In a relatively limited experience, no untoward clinical 
manifestations have been observed in patients in whom INOCOR lactate 
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and who have not responded adequately to digitalis, 


injection was used concurrently with the following drugs: digitalis glycosides, 


lidocaine, quinidine, metoprolol, propranolol; hydralazine, prazosin, isosorbide 


dinitrate, nitroglycerine; chiorthalidone, ethacrynic acid, furosemide, hydrochlo- 
rothiazide, spironolactone, captopril, heparin, warfarin, potassium supple- 


ments, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was 
used concurrently with disopyramide 

Until additional experience is available, concurrent administration with 
Norpace® disopyramide should be undertaken with caution 
USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 
for use in acute myocardial infarction 
USE IN CHILDREN Safety and effectiveness in children have not been 
established 


USE IN PREGNANCY Pregnancy arisa A C. In New Zealand white rabbits, 


amrinone has been shown to produce fetal skeletal and gross external 
malformations at oral doses of 16 mg/kg and 50 mg/kg that were toxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 mg/kg/day did 
not confirm this finding. No malformations were seen in rats receiving amrinone 
intravenously at the maximum dose used, 15 mg/kg/day (approximately the 
recommended daily IV dose for patients with congestive heart failure). There are 
no adequate and well-controlled studies in pregnant women. Amrinone should 
be used during pregnancy only if the potential benefit justifies the potential risk 
to the fetus 

USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not Known whether it is excreted in 
human milk 

ADVERSE REACTIONS Thrombocytopenia. Intravenous INOCOR lactate 
injection resulted in platelet count reductions to below 100,000/mmi in 2.4% of 
patients 

Gastrointestinal effects: Gastrointestinal adverse reactions reported with 
INOCOR lactate injection during clinical use included nausea (1.7%), vomiting 
(0.9%), abdominal pain (0.4%), and anorexia (0.4%) 

Cardiovascular effects: Cardiovascular adverse reactions reported with 
INOCOR lactate injection include arrhythmia (3%) and hypotension (1.3%) 
Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day 
amrinone showed dose-related hepatotoxicity manifested either as enzyme 
elevation or hepatic cell necrosis-or both. Hepatotoxicity has been observed in 
man following i Sat oral dosing and has been observed, in a limited 
experience (0.2%), following IV administration of amrinone 

Hypersensitivity: There have been reports of several apparent hypersensitivity 
reactions in patients treated with oral amrinone for about two weeks. Signs and 
symptoms were variable but included pericarditis, pleuritis, and ascites (one 
Case), myositis with interstitial shadowing on chest x-ray and elevated 


sedimentation rate (one case); and vasculitis with nodular pulmonary densities, 


hypoxemia, and jaundice (one case). The first patient died, not necessarily of 
the possible reaction, while the last two resolved with discontinuation of 


State-of-the-heart 





(AMRINONE) 


Dual-acting therapy, 
instead of catecholamines 


inocor 


E INOCOR has not been shown to 
interact with anesthetic agents. 


therapy. None of the cases were rechallenged, so attribution to amrinone is no 
certain, but possible hypersensitivity reactions should be considered in any 
patient maintained for a prolonged period on amrinone 
General: Additional adverse reactions observed in intravenous amrinone 
clinical studies include fever (0.9%), chest pain (0.2%), and burning at the site ol 
injection (0.2%). 
OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. If this occurs, amrinone administration should 
be reduced or discontinued. No specific antidote is known, but genera 
measures for circulatory support should be taken 
MANAGEMENT OF ADVERSE REACTIONS Platelet count reductions 
Asymptomatic platelet count reduction (to less than 150,000/mm?) may be 
reversed within one week of a decrease in drug dosage. Further, with no change 
in drug dosage, the count may stabilize at lower than predrug levels without any 
clinical sequelae. Predrug platelet counts and frequent platelet counts during 
therapy are recommended to assist in decisions regarding dosage 
modifications 

Should a platelet count less than 150,000/mm? occur, the’ following 
actions may be considered 
e Maintain total daily dose unchanged, since in some cases counts have eithe! 

stabilized or returned to pretreatment levels 
e Decrease total daily dose 
e Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds 
the potential benefit 

Gastrointestinal side effects: While gastrointestinal side effects were seer 
infrequently with IV therapy, should severe or debilitating ones occur (he 
physician may wish to reduce dosage or discontinue the drug based ofthe 
usua! benefit-to-nisk considerations 
Hepatic toxicity: \n clinical experience to date with IV administration, hepatc 
toxicity has rarely been observed. If acute marked alterations in liver enzymes 
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The effect of intravenous diltiazem on regional myocardial 
function was assessed in a canine model of critical constric- 
tion of the left antertor descending coronary artery (LAD). 
Maintenance anesthesia with fentanyl (1.5 pgkg 
min’), 60% inspired nitrous oxide, and 0.7% inspired 
halothane resulted in regional dysfunction, measured as 
postsystolic shortening (20.6 £ 10.7%), which was signif- 
icantly worsened after 0.1 mg/kg (48.7 £ 12.5%, P < 
0.05) and after 0.2 mgikg (68.8 + 11.7%, P < 0.05) 
intravenous diltiazem. Systolic shortening in the compro- 
mised LAD territory was substantially depressed after 0.1 


mg/kg diltiazem (8.2 + 0.6% to 5.3 + 1.3%, P < 0.05) 
and was essentiaily abolished after 0.2 mg/kg diltiazem (8.2 
+ 0.6% to 0.7 = 2.3%, P < 0.05). At the higher dose of 
diltiazem, cardiac output was substantially decreased (1.37 
+ 0.23 Limin to 0.88 + 0.30 Limin, P < 0.05) and LV 
dP/dt... significantly depressed (1090 + 90 mm He/sec to 
744 + 80 mm Helsec, P < 0.05). These results demon- 
strate significant depression of regional systolic shortening 
and substantial worsening of regional dysfunction in myo- 
cardium with a compromised blood supply, in association 
with significant depression of left ventricular performance, 
with intravenous diltiazem administration during anesthe- 
SIA. 


Key Words: HEART, MYOCARDIAL FUNCTION— 
ischemia. IONS, CALCIUM ANTAGONISTS—diltiazem. 
PHARMACOLOG  Y—diltiazem. 





Numerous recommendations for the treatment of 
perioperative myocardial ischemia have been made. 
These recommendations are in part based on experi- 
mental laboratory investigations of reduction of myo- 
cardial infarct size. Beta-blockers, nitrates, and vola- 
tile anesthetics have all been shown to reduce 
myocardial infarct size (1-3). The newest class of 
antianginal agents, the calcium antagonists, not only 
decrease myocardial oxygen demand by reducing 
contractility and afterload but also relieve coronary 
artery vasospasm (4). Recent evidence of the preser- 
vation of myocardial function and metabolic activity 
after reperfusion of ischemic myocardium suggests 
that calcium antagonists also protect myocellular 
mechanisms from ischemic damage (5,6). 

Recent investigations in our laboratory have 
shown that verapamil in combination with halothane 
causes regional myocardial dysfunction (7,8). This 
dysfunction, in the form of continued myocardial 
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segment shortening after the end of systole (postsy- 
stolic shortening), occurred despite the absence of 
any coronary inflow obstruction. However, this drug- 
induced dysfunction does not preclude beneficial 
effects of calcium antagonists during ischemia. We 
wondered whether calcium antagonism with diltia- 
zem would reverse regional dysfunction in compro- 
mised myocardium during fentanyl-nitrous oxide- 
halothane anesthesia. 


Methods 


The methods employed in this study conform to the 
Animals (Scientific Procedures) Act of 1986 (U.K.). 
Six mongrel dogs (weight 17-33 kg) were premedica- 
ted with morphine sulfate (0.1 mg/kg), anesthesia 
was induced with thiopental (4-6 mg/kg), and the 
trachea intubated. Positive pressure ventilation at 12 
breaths/min was begun with 40% O, in nitrogen, and 
the dogs were placed in the right lateral decubitus 
position. Anesthesia was maintained with halothane, 
1.25-1.5% inspired, during the surgical preparation. 
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End-tidal carbon dioxide concentration was continu- 
ously measured by infrared analysis, and ventilation 
was adjusted to maintain CO, between 4.5-5.5%. 
Electrocardiographic leads were placed to allow cal- 
culaticn of heart rate and continuous monitoring of 
lead IL of the ECG throughout the experiment. 

An 8F (2.76-mm outside diameter) cannula was 
threaded via the femoral vein into the inferior vena 
cava, and a continuous intravenous infusion of Hart- 
mann’s solution (4 ml-kg~*-hr~") was begun. A com- 
mon carotid artery was exposed via a neck incision, 
and a stiff 8F (2.76-mm outside diameter) cannula was 
advanced to within 1 cm of the aortic valve. This 
cannula was secured in place and attached to a Druck 
(Druck Ltd., Groby, Leicester, U.K.) pressure trans- 
ducer for withdrawal of arterial blood samples and 
measurement of systemic arterial pressures. 

A left thoracotomy was performed and the fourth 
and fifth ribs excised. The aortic root was dissected 
free of its fat pad, arid an appropriately-sized electro- 
magnetic flow probe (Transflow 601, Skalar Medical, 
Delft, Holland) was placed around the aortic root. A 
stiff 8F (2.76-mm outside diameter) cannula was in- 
serted into the left ventricle via a stab wound in the 
apical dimple; this cannula was attached to a Druck 
pressure transducer for measurement of left ventric- 
ular (LV) pressure and its first derivative (LV dP/dt). 
A cannula was placed via the right ventricular out- 
flow tract into the pulmonary artery. The heart was 
then suspended in a pericardial cradle. 

A small length of the left anterior descending 
coronary artery (LAD) proximal to its second diago- 
nal branch was dissected free and a 2-mm electro- 
magnetic flow probe (Transflow 601, Skalar Medical, 
Delft, Holland) placed around the artery. An occlud- 
ing snare and a 3-0 Dacron suture also encircled the 
LAD. The 3-0 Dacron suture was attached to a 
micrometer-controlled spring-suspended snare for 
use in establishing critical LAD constriction (see 
later). Two pairs of piezoelectric crystals were placed 
in the LAD- and left circumflex coronary artery (LC)- 
supped subendocardium. These crystals were used 
for myocardial segment length determinations, the 
techniques of which have been previously described 
(2,9,10). Briefly, as the speed of ultrasound through 
myocardium is constant at 1.56 mm/s, measurement 
of the ultrasonic transit time between crystals allows 
calculation of the distance separating the crystals. 


Protocol 


After completion of the surgical preparation, halo- 
thane was discontinued and a loading dose of fen- 
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tanyl (100 ug/kg) followed by a constant infusion of 
fentanyl (1.5 wg-ug'-hr~’) was administered. This 
was preceded by intramuscular atropine (400 ug) to 
avoid excessive narcotic-induced bradycardia. A 1- 
hour stabilization period then ensued, during which 
instruments were calibrated and measurements of 
left ventricular end-diastolic pressure (LVEDP) and 
arterial pH and blood gas tensions were made. Dex- 
tran 70 (average molecular weight 70,000 daltons) and 
bicarbonate were administered as appropriate to 
maintain pH between 7.43 and 7.45 and LVEDP > 5 
mm Hg. 

Critical constriction was then imposed on the LAD 
by gradual tighteriing of the micrometer-controlled 
snare until no hyperemic response to a 10-second 
coronary occlusion was evident, yet no regional dys- 
function (i.e., postsystolic shortening) was observed 
(11). Confirmation of correct placement of the pairs of 
crystals and the lack of significant collateralization 
was obtained by observing hypokinesia and dyskine- 
sia in the signals from the LAD crystals, and not the 
LC crystals, during a 10-second LAD occlusion. Ni- 
trous oxide,“60% inspired, was added to the anes- 
thetic by abruptly replacing nitrogen in the fresh gas 
flow. Halothane (0.7% inspired) was then adminis- 
tered; with this anesthetic circuit and vaporizor, this 
concentration corresponds to a steady state end-tidal 
halothane concentration of 0.54% + 0.01 after 20 
minutes as measured by refractometry and infrared 
analysis. A baseline set of data.were recorded. Intra- 
venous diltiazem 0.1 mg/kg was then administered 
and recordings taken after 10 minutes. A second dose 
of 0.1 mg/kg was injected, and observations were 
recorded after 10 minutes. 

During the course of the experimental procedure, 
indocyanine green was injected into the pulmonary 
artery cannula and cardiac output dye dilution curves 
were obtained by densitometric analysis. The aortic 
flowmeter was thus calibrated and from this calibra- 
tion all flow-derived parameters were obtained. At 
the conclusion of the experimental protocol the LAD 
was cannulated and calibration of the LAD flow 
probe performed by injecting 5-ml aliquots of blood 
through the cannula. After calibration, 5 ml of Evans 
blue was injected through the LAD cannula. The 
resulting area of stained myocardium, representing 
the territory supplied by the LAD, was separated 
from nonstained myocardium. The atria were re- 
moved and the stained ventricular myocardial frag- 
ments weighed, thus enabling LAD flow measure- 
ments to be normalized as ml-min™'-100g"' of 
myocardium. 

Aortic and left ventricular pressures were re- 
corded, as well as aortic blood flow, stroke volume 
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Table 1. Global Hemodynamics and End-Diastolic Lengths* 


Baseline 
HR (beats/min) 106 + 8 
SAP ‘(mm Hg) 97 +7 
DAP (mm Hg) 64247 
LVEDP (mm Hg) 6.8 £ 1.2 
LV dP/dtnax (mm Hg/sec) 1090 + 90 
CO (L/min) 1.37 + 0.23 
CBF (ml-100g~?-min~’) 38.6 + 10.5 
EDL-LAD (mm, 10.0 + 0.25 
normalized) 
EDL-LC (mm, normalized} 10.1 + 0.3 


*Data are mean + SEM. 
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Diltiazem 
0.1 mg/kg 0.2 mg/kg 
112 + 11 99 + 10 
85 +5 74+ 8 
55 + 6 48 +7 
7.8+1.2 11.3 + 1.6 
930 + 60 744 + 80t 
1.27 + 0.27 0.88 + 0.30+ 
32.4 + 15.6 23.0 + 9.0 
10.0 + 0.3 10.1 + 0.3 
10.2 + 0.3 10.4 + 0.4 


tP < 0.05 by two-way analysis of variance and Duncan’s multiple range test. 


Lengths normalized to a precritical constriction end-diastolic length of 10.0 mm. Abbreviations: HR, heart rate; SAP, systemic arterial 


, systolic; 


pressure 
DAP, systemic arterial pressure, diastolic; LVEDP, left ventricular end-diastolic pressure; LV dP/dt,,,,, maximum positive deflection of the first derivative of 
left ventricular pressure; CO, cardiac output; CBF, coronary blood flow; EDL-LAD, end-diastolic length, LAD region; EDL-LC, end-diastolic length, LC 


region. 


(obtained by integration of aortic flow) and LV dP/dt. 
The signals were recorded in analog form on a 
Mingograf 81 eight-channel recorder (Elema Schoe- 
nander, Stockholm, Solna, Sweden). Length mea- 
surement involved calculations of end-diastolic 
length (EDL) and end-systolic length (ESL). For de- 
termination of these lengths, the timing of end- 
diastole was taken as the first positive deflection of 
LV dP/dt. End-systole was defined as the point at 
which aortic valve closure occurred, that is, the point 
when aortic blood flow returned to zero. All length 
recordings were taken at a paper speed of 250 mm/sec 
for precise determinations of the end of diastole and 
systole. 


Computation 


The data were digitized manually from hard copy 
recordings. These data were then analyzed on a VAX 
computer utilizing SAS, a commercially available 
statistical analysis system (SAS, Inc., Cary, N.C.). 

Mean arterial pressure (MAP) was calculated from 
the systolic and diastolic systemic arterial pressures 
(SAP, DAP). Coronary perfusion pressure (CPP) was 
calculated in the conventional fashion as the differ- 
ence between DAP and left ventricular end-diastolic 
pressure (LVEDP). The maximum positive deflection 
of LV dP/dt (LV dP/dt,,,) was also noted. Cardiac 
output (CO) was calculated from the heart rate and 
stroke volume. 

Regional function was examined by calculating 
systolic shortening and postsystolic shortening. Sys- 
tolic shortening (SS) was defined as EDL minus ESL, 
and expressed as a percentage of EDL to compensate 
for preload-induced changes of performance. Post- 


systolic shortening (PSS) was defined as the differ- 
ence between ESL and the resultant minimum seg- 
ment length attained during diastole. This was 
expressed as a percentage of the total segment short- 
ening to compensate for changes in inotropy. 

Data were analyzed for statistical significance us- 
ing two-way analysis of variance and Duncan’s mul- 
tiple range test when appropriate. Some parameters, 
notably PSS and LAD coronary blood flow (CBF), 
exhibited skewed distribution and thus were ana- 
lyzed by the nonparametric Friedman two-way anal- 
ysis of variance and, when appropriate, sign test. In 
all cases, P < 0.05 was considered statistically signif- 
icant. 


Results 


Global hemodynamic data are presented in Table 1. 
Heart rate (HR) showed no change from baseline 
after either injection of diltiazem, and all of the dogs 
continued to have sinus rhythm. LV dP/dt,,,, and CO 
declined significantly after the second dose of diltia- 
zem.. Other hemodynamic variables decreased, but 
none achieved statistical significance. 

Regional function data revealed significant depres- 
sion of LAD (compromised region) SS with each 
diltiazem dose. From a baseline value of 8.2% + 0.6, 
SS decreased significantly to 5.3% + 1.3 after 0.1 
mg/kg of diltiazem and to 0.7% + 2.3 (P < 0.05 vs. 
baseline) after 0.2 mg/kg (cumulative dose) of diltia- 


zem. In contrast, SS in the LC (noncompromised) 


region was unaffected (Fig. 1). 

Postsystolic shortening in the compromised LAD 
territory increased significantly above baseline after 
the first dose (20.6 + 10.7 to 48.7% + 12.5) and after 
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Figure 1. Systolic shortening in the critically constricted LAD- 
supplied territory and the unconstricted LC-supplied territory 
before calcium channel blockade and after 0.1 mg/kg and 0.2 mg/kg 
(cumulative doses) intravenous diltiazem. Baseline condition refers 
to maintenance anesthesia consisting of 1.5 ug kg min™? contin- 
uous infusion of fentanyl, 60% inspired nitrous oxide, and 0.7% 
inspired halothane. *P < 0.05 vs baseline by Friedman two-way 
analysis of variance and sign test. 


the second dose (20.6% + 10.7 to 68.8% + 11.7) of 
intravenous diltiazem. Postsystolic shortening in the 
noncompromised LC region was essentially un- 
changed (Fig. 2). 


Discussion 


Verapamil, nifedipine and diltiazem have been 
shown to improve angina and coronary spasm 
(12,13). In addition, calcium antagonists preserve 
regional contractile performance and myocardial cel- 
lular energy stores after global ischemia and reperfu- 
sion (5,6,14) and after transmural ischemia (15,16). 
Diltiazem may be preferable in clinical situations, 
owing to its lesser effects on conduction and contrac- 
tility, as well as a decreased incidence of side effects, 
when compared to verapamil and nifedipine (17). 

However, the combination of a volatile anesthetic 
and verapamil causes regional myocardial dysfunc- 
tion, seen as PSS, in apical myocardium with a 
normal coronary blood supply (7,8,18). Postsystolic 
shortening is also a consistent feature of regional 
myocardial ischemia in both laboratory and clinical 
studies (19,20). Whether drug-induced PSS is the 
same phenomenon as that occurring during ischemia 
is not known, but the development of PSS with the 
combination of a calcium antagonists and a volatile 
anesthetic with normal coronary arterial supply does 
not preclude improvement of regional function by 
calcium antagonists during ischemia. 

The present study utilized critical constriction of 
the LAD to simulate significant coronary artery dis- 
ease, and significant regional dysfunction in the 
compromised territory occurred when 60% inspired 
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Figure 2. Postsystolic shortening in the critically constricted LAD- 
supplied territory and the unconstricted LC-supplied territory 
before calcium channel blockade and after 0.1 mg/kg and 0.2 mg/kg 
(cumulative doses) intravenous diltiazem. Baseline condition refers 
to maintenance anesthesia consisting of 1.5 ug kg min | contin- 
uous fentanyl infusion, 60% inspired nitrous oxide, and 0.7% 
inspired halothane. *P < 0.05 vs baseline by Friedman two-way 
analysis of variance and sign test. 


nitrous oxide and 0.7% inspired halothane were 
added to a narcotic-based anesthetic. We then admin- 
istered intravenous diltiazem so that the cumulative 
doses (0.1 and 0.2 mg/kg) approximated the dose 
(0.15 mg/kg) shown to reverse left ventricular asy- 
nergy in awake patients with coronary artery stenosis 
(21). Our results showed significant worsening of PSS 
and a substantial reduction of 55 in the compromised 
LAD territory with both diltiazem doses. The non- 
compromised LC segment was apparently not af- 
fected, although no compensatory increase in func- 
tion of the LC region was observed, as has been 
previously demonstrated with worsening LAD re- 
gional function (11) (Figs. 1 and 2). Some depression 
of global hemodynamics also occurred, but statisti- 
cally significant decreases were only observed in LV 
dP/dt,,,,, and CO at the higher diltiazem dose (Table 
1). However, the absence of significant changes in 
SAP, DAP and LVEDP may reflect the small study 
size rather than a lack of effect. 

The mechanism causing PSS, and whether drug- 
induced and ischemic PSS are the same phenomenon 
or are caused by effects on the same mechanism, is 
unknown. The administration of a powerful coronary 
vasodilator, such as adenosine or dipyridamole, can 
cause transmural steal and subendocardial ischemia 
in experimental models of coronary stenosis (22,23). 
Diltiazem and verapamil, both powerful coronary 
vasodilators (16), may possibly induce subendocar- 
dial ischemia by causing such a redistribution of 
transmural blood flow away from the subendocar- 
dium. Alternatively, interference with calcium re- 
lease and/or reuptake by myocardial cells by calcium 
antagonists in combination with volatile anesthetics 
may result in abnormal myocardial cellular contractile 
function and regional dysfunction, such as that seen 
with halothane or isoflurane and verapamil (7,8,18). 
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Because of the number of different agents employed 
in this model, all having some effect on myocardial 
blood flow or contractility, it would be difficult to 
ascribe these changes to a specific hemodynamic 
effect of or drug interaction with diltiazem. However, 
this model was an attempt to simulate clinical situa- 
tions, in which concurrent use of several anesthetic 
and cardiac drugs is common. 

The depression of systolic shortening in the com- 
promised LAD segment was coupled with significant 
depression of CO at the higher diltiazem dose. Selec- 
tive depression of ischemic myocardium by verapa- 
mil has been reported, and Smith et al. (24) remarked 
that this depression may be beneficial to ischemic 
myocardium because of the resultant decrease in 
myocardial oxygen demand. They also noted a 
change in the contractile patterns of the compromised 
segment, similar to worsening ischemia, and com- 
mented that the beneficial effects of verapamil would 
only be seen if global left ventricular function was 
preserved. Kates et al. (25) observed depression of 
CO by diltiazem during halothane anesthesia in 
swine; however, the doses of diltiazem they em- 
ployed were far in excess of those used clinically (25). 
The significant depression of contractile performance 
in the compromised myocardium and the simulta- 
neous marked depression of global left ventricular 
performance seen in this study suggests caution 
when administering intravenous diltiazem to anes- 
thetized patients with coronary artery disease. 

In summary, the administration of intravenous 
diltiazem during halothane—nitrous oxide—fentany] 
anesthesia resulted in marked depression of systolic 
shortening and worsening of regional myocardial 
dysfunction in myocardium supplied by a critically 
narrowed coronary artery. These changes in regional 
function were accompanied by decreases in global left 
ventricular performance, as measured by LV dP/dt,,.,. 
and CO. The mechanism by which diltiazem de- 
pressed contraction and exacerbated dysfunction is 
unknown, but a drug interaction between halothane 
and diltiazem, resulting in transmural myocardial 
steal with subendocardial underperfusion or interfer- 
ence with calcium ion fluxes, or both, may be respon- 
sible. Although extrapolation to clinical situations is 
difficult, these results suggest that deleterious effects 
on myocardium with a compromised blood supply 
may occur when intravenous diltiazem is adminis- 
tered during anesthesia. 
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Regional Hemodynamics and Oxygen Supply During Isovolemic 
Hemodilution Alone and in Combination with Adenosine-Induced 


Controlled Hypotension 
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CRYSTAL GJ], ROONEY MW, SALEM MR. Regional 
hemodynamics and oxygen supply during isovolemic 
hemodilution alone and in combination with 
adenosine-induced controlled hypotension, Anesth Analg 
1988;67:211-8. 


Studies were performed in ten pentobarbital-anesthetized, 
open chest dogs to evaluate regional circulatory effects of 
isovolenuc Remodilution alone, and in combination with 
adenosine-induced controlled hypotension. Regional blood 
flow measured with 15-ym radioactive microspheres was 
used to calculate regional oxygen supply. Hemodilution 
with 5% dextran (40,000 molecular weight) reduced arte- 
rial hematocrit and oxygen content by approximately one- 
half and caused heterogeneous changes in regional blood 
Hows; flow decreased in the spleen, was unchanged in the 
renal cortex, liver, skeletal muscle and skin, and increased 
in the duodenum, pancreas, brain and myocardium; how- 
ever, only in the brain and myocardium were increases in 
flow sufficient fo preserve oxygen supply. Intravenous 
infusion of adenosine reduced aortic pressure by 50% and 


The costs and risks involved with homologous blood 
transfusions have prompted the development of 
methods to minimize blood loss during surgery. 
Among these methods is drug-induced controlled 
hypotension. The drawbacks of the commonly used 
hypotensive drugs such as halothane, nitroglycerin, 
nitroprusside, and trimethaphan include cyanide tox- 
icity, tachyphylaxis, rebound hypertension and ex- 
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reduced flow in most tissues (renal cortex, pancreas, liver, 
spleen, skin, and brain), with the result that oxygen deficits 
were produced or accentuated in these organs. The magni- 
tude of flow reductions in the renal cortex (-73%) and 
cerebral cortex (-37%) were noteworthy. In the myocar- 
dium, direct coronary vasodilation by adenosine caused 
parallel increases in blood flow and oxygen supply to levels 
exceeding prevailing metabolic requirements. It is con- 
cluded that 1) during isovolemic hemodilution alone, oxy- 
gen supply to the brain and myocardium is maintained at 
the expense of oxygen supply to less critical organs and, 2) 
during combined tsovolemic hemodilution and adenosine- 
induced hypotension, oxygen is oversupplied to the myo- 
cardium but undersupplted to the brain and kidney. These 
latter effects suggest the need for extensive clinical moni- 
toring of patients in whom combined tsovolemic hemodilu- 
tion and adenosine-induced hypotension ts utilized, 
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cessive cerebral vasodilation (1-5). This has stimu- 
lated interest in the use of exogenous adenosine to 
induce controlled hypotension (1,6-8). Adenosine, a 
metabolic breakdown product of adenosine triphos- 
phate, is an endogenous vasodilator that has been 
implicated in local regulation of coronary blood flow 
(9). 

Intravenous infusion of adenosine causes arterial 
hypotension that is rapidly achieved, easily con- 
trolled, and short-lived (1,6-8). Two additional fea- 
tures of adenosine increase its appeal as a hypoten- 
sive drug. First, intravenous adenosine has a 
favorable influence on myocardial oxygen supply/de- 
mand balance because it increases coronary blood 
flow (myocardial oxygen supply) while at the same 
time decreasing myocardial oxygen demand (8). Sec- 
ond, adenosine does not cross the blood-brain barrier 
and thus has no direct effect on cerebral vascular 
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smooth muscle when injected intravenously (6). Be- 
cause cerebral autoregulation remains intact during 
adenosine-induced hypotension, cerebral blood flow 
remains near normal, which may be a distinct advan- 
tage during neurosurgery. 

Recent reports have suggested combining con- 
trolled hypotension with isovolemic hemodilution, 
which is another method of blood conservation 
(10,11;. Because the coexistence of decreased perfu- 
sion pressure and reduction in oxygen-carrying ca- 
pacity of the arterial blood may risk development of 
tissue hypoxia, studies of regional hemodynamics are 
necessary before a technique of combined hypoten- 
sion and hemodilution can be considered for clinical 
use. 

Accordingly, the present study was designed to 
assess effects of isovolemic hemodilution alone and in 
combination with adenosine-induced controlled 
hypotension on hemodynamics and oxygen supply 
in regional circulations of anesthetized dogs. 


Methods 
Experimental Preparation 


Experiments were performed on ten mongrel, heart- 
worm-free, conditioned dogs of either sex (weight 
range 21-24 kg), anesthetized with pentobarbital so- 
dium 30 mg/kg initially, with supplementation as 
required to maintain a stable anesthetic state. After 
tracheal intubation, the dogs were ventilated by a 
Harvard respiratory pump with room air. Physiologic 
levels of arterial Po, and Pco, were established by 
adjusting the volume and rate of the respirator and 
by adding oxygen to the inspired gas. Arterial pH 
was maintained as close to 7.4 as possible. Sodium 
bicarbonate was administered intravenously as nec- 
essary to correct arterial base deficits. Po, Pco,, and 
pH of arterial blood samples were measured electro- 
metrically (Radiometer, model ABL-1, Copenhagen, 
Denmark). Rectal temperature was monitored and 
maintained at 38°C with a heating pad. 
Polyethylene cannulas were inserted 1) into the 
thoracic aorta via the right femoral and right brachial 
arteries for monitoring aortic blood pressure and for 
obtaining samples of arterial blood for analysis of gas 
tensions and, 2) into the right femoral vein for ad- 
ministration of supplementary anesthetic and other 
intravenous injections. The heart was exposed 
through a left thoracotomy in the fourth intercostal 
space. Polyethylene cannulas were placed in 1) the 
left atrium via the atrial appendage for monitoring 
left atrial pressure and for injecting radioactive micro- 
spheres, 2) the left ventricle via the left atrial append- 
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age and the mitral valve for measuring left ventricular 
pressure and, 3) the left femoral vein and right 
carotid artery for isovolemic exchange of whole blood 
with dextran solution. A noncannulating flow trans- 
ducer was placed around the ascending aorta to 
measure cardiac output (less coronary blood flow) 
using an electromagnetic flowmeter (Narco Biosy- 
stems). Heparin 300 U/kg IV was administered to 
prevent blood coagulation in exchange circuits. 
Vascular pressures were measured with Statham 
transducers (model P23ID) and averaged electroni- 
cally. The left ventricular systolic pressure pulse was 
used to drive a cardiotachometer and it was differen- 
tiated to yield dP/dt,,,. Blood pressures, aortic blood 
flow, and heart rate were recorded with a Gould 
recorder (model 2800S). Systemic vascular resistance 
(excluding coronary bed) was computed by dividing 
mean aortic pressure by mean aortic blood flow. 
The statistical significance of differences between 
treatment means was tested using a randomized 
block analysis of variance in conjunction with the 
Student-Newman-Keuls test (12). P < 0.05 was con- 
sidered statistically significant throughout this study. 


Measurement of Regional Blood Flow 


Regional blood flow was measured with 15 + 3 um 
microspheres labeled with yemitting radionuclides, 
141 -erium, >!chromium, *°scandium, *strontium and 
™Stin (New England Nuclear Corp.; 3M Company) 
(13). Before injection, microspheres were dispersed in 
a solution of 10% dextran and agitated in a vortex 
mixer and in an ultrasonic bath. Approximately 1 x 
10° microspheres were administered for each flow 
determination. The microspheres were flushed into 
the left atrium over 30 seconds with 5-ml body- 
temperature isotonic saline. Administration of micro- 
spheres had no detectable effect on monitored hemo- 
dynamic parameters. Beginning simultaneously with 
each microsphere injection, duplicate reference arte- 
rial samples were collected for 3 minutes through two 
cannulas of different lengths inserted into the aorta 
via the left femoral artery. Similar radioactivities of 
these duplicate reference samples verified adequate 
mixing of microspheres in the left ventricular output. 

After the final injection of microspheres, the heart 
was stopped by intravenous injection of KCI, excised, 
and frozen to facilitate transmural sampling. Myocar- 
dial samples were obtained from the left and right 
ventricular free walls. The brain was removed and 
samples were obtained from the cerebral cortex, 
cerebellum, pons, medulla, and cervical spinal cord. 
Samples of renal cortex, pancreas, spleen, liver, du- 
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odenum, skin, and skeletal muscle were also ob- 
tained. Most tissue samples contained at least 400 
microspheres to ensure high-precision, low-error 
flow measurements (14). The precision of measure- 
ments in tissues with low flows, e.g., skin, was 
improved by using larger samples. Each section was 
transferred to a tared counting tube. The tissue and 
reference blood samples were weighed and analyzed 
for radioactivity with a gamma scintillation counter 
equipped with a multichannel analyzer (LKB model 
1282-002). Isotope separation was accomplished by 
standard techniques of gamma spectroscopy. Values 
for regional blood flow (RBF) in ml-min™'-100g~* 
were calculated from the equation: 


RBF = ABF x (MC/AC) x 100, 


where ABF is the arterial reference sampling 
(ml/min), MC is microsphere radioactivity 
(counts-min™'-g~’) in the tissue samples, and AC is 
the total microsphere radioactivity (counts/min) in 
the arterial reference samples. Regional vascular re- 
sistance was computed by dividing mean aortic blood 
pressure by regional blood flow. 

Oxygen content of arterial blood samples was 
measured with a Lex-O,-Con (Lexington Instru- 
ments). These values were multiplied by aortic flow 
values to yield systemic oxygen supply and by re- 
gional blood flow values to yield regional oxygen 


supply. 


Experimental Protocols 


Dogs were permitted to stabilize physiologically for at 
least 30 minutes after surgical preparation baseline 
measurements of regional blood flow and oxygen 
supply were obtained. Isovolemic hemodilution was 
produced by removing blood from a carotid artery at 
a rate of 20 ml/min while replacing it with 5% dextran 
(molecular weight 40,000; American McGaw) at the 
same rate. The total volume exchanged was 45 ml/kg. 
A second set of measurements of regional blood flow 
and regional oxygen supply was obtained after the 
preparation was permitted to stabilize for 15 minutes 
after completion of fluid exchange. Adenosine (60 
mmol/L in isotonic saline) was then infused intrave- 
nously at a rate of 81-300 mmol/min, a rate sufficient 
to reduce mean aortic blood pressure by 50%. The 
rate of infusion of adenosine was held constant 
throughout the hypotensive period. Because a highly 
concentrated adenosine solution was used, low infu- 
sion rates (3.1 + 0.5 ml/min) prevented further de- 
creases in arterial hematocrit during controlled hypo- 
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tension. The adenosine solution required continual 
heating and stirring to avoid precipitation of adeno- 
sine crystals In all dogs measurements were ob- 
tained 15 minutes after start of adenosine infusion, 
and, in four of the dogs, 60 minutes after start of 
adenosine infusion. Replacement of blood samples 
withdrawn for analysis of gas tensions and radioac- 
tivity levels was performed throughout all experi- 
ments to ma:ntain isovolemic conditions. 


Results 
Systemic Effects (Table 1) 


Hemodilution caused a 52% reduction in arterial 
hematocrit and a proportional reduction in arterial 
oxygen content. An increase in aortic blood flow 
(+43%) blunted the decrease in systemic oxygen 
supply caused by this reduction in arterial oxygen 
content. Hemodilution reduced systemic vascular re- 
sistance (~37%), while it had no significant effect on 
aortic blood pressure, left atrial pressure, left ventri- 
cular dP/dt,,..,, or heart rate. 

Data during hemodilution alone served as a refer- 
ence for eva_uating effects of intravenous infusion of 
adenosine. Adenosine infusion, at a rate sufficient to 
decrease mean aortic pressure by one-half, reduced 
left ventricu.ar dP/dt,,,, (28%), heart rate (—35%), 
aortic blood flow (—14%), and systemic vascular 
resistance (—39%). Other systemic vascular parame- 
ters were ur.changed. 


Regional Effects 


Hemodilutian caused heterogeneous changes in re- 
gional flow in peripheral beds (Table 2), depending 
on changes in vascular resistance in the various 
organs (Tabe 3). Hemodilution was associated with 
increased flow in the pancreas (+62%) and duode- 
num (+53%), with reduced flow in the spleen 
(—31%), and without significant effect on flow in 
renal cortex, liver (hepatic arterial bed), skeletal mus- 
cle and skin. However, in all these beds, oxygen 
supply decr2ased (Table 4). 

Hemodilution caused increases in blood flow in 
the brain and myocardium (Table 2) that reflected the 
decreases in regional vascular resistance (Table 3). 
These increases in blood flow to the brain and myo- 
cardium were sufficient to maintain regional oxygen 
supply at the baseline level (Table 4). 

Adenosir.e-induced hypotension reduced flow in 
the renal cortex (—73%), pancreas (—43%), liver 
(—52%), spleen (—68%), and skin (—55%), while it 
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Table 1. Changes in Systemic Hemodynamic Parameters During Hemodilution Alone and During Combined 
Hemodilution and Adenosine-Induced Controlled Hypotension 


Hypotension 
Hemodilution during 
alone hemodilution 
103 +5 51 + 3*ł 
124 + 4 77 + 3+ 
92 +5 42 + 3*4 
6.1 + 0.7 5.7 + 1.0 
1815 + 137 1315 + 137*t 
160 + 9 104 + 4*+ 
1691 + 187* 1453 + 175*+ 
0.067 + 0.007* 0.041 + 0.007*t 
21.7 + 1.6* 22.0 + 1.9* 
9.6 + 0.8" 10.0 + 1.0" 
163.5 + 26.6* 131.6 + 17.1" 


Control 
Mean aortic pressure (mm Hg) 110 + 6 
Systolic aortic pressure (mm Hg) 125 + 6 
Diastolic aortic pressure (mm Hg) 101 + 6 
Mean left atrial pressure (mm Hg) 4.3 + 0.5 
Left ventricular dP/dtmax (mm Hg/sec) 1700 + 93 
Heart rate (beats/min) 163 + 11 
Aortic blood flow (ml/min) 1182 + 135 
Systemic vascular resistance (excluding 0.106 + 0.014 

coronary bed) (mm Hgml7*min~") 

Arterial hematocrit (%) _ 44.9+2.4 
Arterial oxygen content (vol. %) 21.2 + 1.2 
Systemic oxygen supply (ml/min) 251.7 + 34.5 


Values are mean + SE in ten dogs. 
*P < 0.05 from control. 
+P < 3.05 fom hemodilution alone. 


Table 2. Changes in Blood Flows (ml-min™'100g7') in 
Regional Vascular Beds During Isovolemic Hemodilution 
Alone and During Combined Isovolemic Hemodilution 
and Adenosine-Induced Controlled Hypotension 


Hypotension 
Hemodilution during 
Control alone hemodilution 
Renal cortex 491 + 41 463 + 51 123 + 32*+ 
Pancreas 13+1 21 + 2* 12+ It 
Duodenum 34 + 2 52 + 3* 49 + 7* 
Liver (hepatic bed) 17 = 6 21s 3 10 + 2t 
Spleen 215 + 34 149 + 27* 48 + 12*t 
Skeletal muscle 4.4 + 0.6 4.8 + 1.0 2.9 + 0.4 
Skin 29404 33+0.7 1.5 + 0.2*+ 
Brain 
Cerebral cortex 29 + 3 70 + 7* 44 + 5*+ 
Cerebellum. 312 55 + 4* 44+ 4*+ 
Pons 2342 44 + 4* 34 + 3*t 
Medula 2442 43 + 5* 38 + 3* 
.. Spinal cord 13 +t2 23 4 3 20 2" 
Myocardium 
_ Left ventricle 61 +4 140 + 12* 230 + 27*-+ 
' Right ventricle 40 +4 82 + 6* 251- +20°f 


Values are mean + sE in ten dogs. 
*P < 0.05 from control. 
tP < C.05 from hemodilution alone. 


had no significant effect on flow in duodenum and 
skeletal muscle. Increases in vascular resistance aug- 
mented the decreases in flow in the renal cortex 
(+238%) and spleen (+50%). Adenosine infusion 
lowered oxygen supply in the renal cortex (—74%), 
pancrezs (—26%), and spleen (—66%), but had no 
significant effect on oxygen supply in the duodenum, 
liver, skeletal muscle and skin. 

_ Even though regional vascular resistance de- 
creased throughout the brain during adenosine- 
-induced hypotension, these decreases were sufficient 


Table 3. Changes in Vascular Resistance (mm 
Hg/ml-min~*-100g~*) in Regional Vascular Beds During 
Isovolemic Hemodilution Alone and During Combined 
Isovolemic Hemodilution and Adenosine-Induced 
Controlled Hypotension 


Hypotension 
Hemodilution during 
Control alone hemodilution 
Renal cortex 0.24 + 0.02 0.24+0.02 0.81 + 0.22*t 
Pancreas 8.63 t 0.77 5.76 + 1.13* 4,27 + 0.32" 
Duodenum 3.35 + 0.27 2.29+0,.23* 1.20 + 0.15*+ 
Liver (hepatic bed) 11.92 + 2.87 6.02 +0.91 7.39 + 1.90 
Spleen 0.66 + 0.14 0.88 + 0.13 1.32 + 0.17*+ 
Skeletal muscle 33.83 + 8.09 32.17 + 7.14 20.09 + 2.38 
Skin 44.50 + 6.81 40.52 + 7.07 37.96 + 6.60 
Brain 
Cerebral cortex 4.14 + 0.54 1.64+0.17* 1.30 + 0.15* 
Cerebellum 3.72 + 0.29 1.89 + 0.16* 1.27 + 0.13*t 
Pons 5.15 4 0.47 2.51 + 0.28* 1.59 + 0.15*Ẹł 
Medulla 5.17 + 0.54 2.63 + 0.27* 1.45 + 0.14*+ 
Spinal cord 9.57 + 1.14 4.86 + 0.78* 283 + 0.34*+ 
Myocardium 
Left ventricle 1.88 + 0.1 0.82 + 0.09* 0.26 + 0.04*t+ 
Right ventricle 3.11 £ 0.55 1.33 + 0.13* 0.21 + 0.01*+ 


Values are mean + sé in ten dogs. 
*p < 0.05 from control. 
+P < 0.05 from hemodilution alone. 


to prevent blood flow decreases only in the medulla 
and spinal cord; blood flow decreased 37% in the 
cerebral cortex, 20% in the cerebellum, and 23% in 
the pons. These decreases in regional cerebral blood 
flow caused proportional reductions in regional cere- 
bral oxygen supply. 

Adenosine infusion increased blood flow in the left 
(+64%) and right (+206%) ventricular myocardium 
with resultant proportional increases in regional ox- 
ygen supply. Because these increases in flow oc- 


REGIONAL EFFECTS OF HEMODILUTION AND HYPOTENSION 


Table 4. Changes in Oxygen Supply (ml-min7*-100g~*) in 
Regional Vascular Beds During Isovolemic Hemodilution 
Alone and During Combined Isovolemic Hemodilution 
and Adenosine-Induced Controlled Hypotension 


Hypotension 
Hemodilution during 
Control alone hemodilution 
Renal cortex 105.1 + 11.2 45.8 + 6.2* 11.8 + 3.4"+ 
Pancreas 2.8 + 0.2 1.9 + 0.2* 1.4 + 0.1*+ 
Duodenum 7.4 + 0.8 5.1 + 0.6* 4.8 + 0.7* 
Liver (hepatic bed) 3.6 + 1.3 1.8 + 0.3* 1.0 + 0.2* 
Spleen 46.2 + 8.1 14.5 + 2.6% 4.9 + 1.3*t 
Skeletal muscle 0.9 + 0.1 0.5 + 0.1" 03 = 0.1" 
Skin 0.6 + 0.1 0.3 + 0." 0.2 + 0.1* 
Brain 
Cerebral cortex 6.0 + 0.4 5.9 + 0.3 4.4 + 0.7*+ 
Cerebellum 6.3 + 0.4 5.3 + 0.6 4.3 + 0.6" 
Pons 4.6 + 0.2 4.10.5 3.4 + 0.4* 
Medulla 4.5 + 0.3 4.1 = 0.6 3.7 + 0.5 
Spinal cord 27 £03 2r 03 1.9 + 0.2* 
Myocardium 
Left ventricle 12.8 + 1.1 12.8 = 1.4 22.0 + 3.4*+ 
Right ventricle 8.7 + 1.2 7.720.7 DAIS 


Values are mean + Sk in ten dogs. 
*P < 0.0 from control. 
+P < 0.05 from hemodilution alone. 


curred during aortic hypotension, they reflected dis- 
proportionate reductions in myocardial vascular 
resistance. When adenosine infusion was extended to 
60 minutes, the effects noted above for 15 minutes of 
adenosine infusion persisted. 


Discussion 
Effects of Hemodilution Alone 


The tendency for increases in cardiac output to pre- 
serve, at least partially, systemic oxygen supply dur- 
ing isovolemic hemodilution observed in the present 
study has also been demonstrated previously (15,16). 
In the present study, a constant heart rate implied 
that this increase in cardiac output was due entirely 
to augmented stroke volume. This finding is at vari- 
ance with previous reports that increases in both 
heart rate and stroke volume contributed to elevated 
cardiac output during hemodilution (15). This appar- 
ent discrepancy is likely explained by high basal heart 
rates in the present study because of the vagolytic 
effect of pentobarbital anesthesia (17). Two major 
mechanisms have been proposed to account for in- 
creases in stroke volume during hemodilution: 1) 
increased myocardial contractility due to activation of 
cardiac sympathetic nerves (15) and, 2) decreased 
impedance to left ventricular ejection because of 
reduced blood viscosity and peripheral vasodilation 
(18). 
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Because blood viscosity usually remains constant, 
changes in calculated regional vascular resistance are 
often used to evaluate local adjustments in vasomotor 
tone. However, because reductions in blood viscosity 
in themselves decrease vascular resistance (19), this 
approach is inappropriate during hemodilution. Un- 
der these conditions, the magnitude of the reduction 
in viscosity must be identified so that its contribution 
to changes in vascular resistance can be taken into 
account. Although measurements of blood viscosity 
were not made in the present study, previous data 
obtained in vitro indicate that, in the range of phys- 
iologic shear rates, a 50% reduction in hematocrit 
causes an approximately proportional reduction in 
blood viscosity (16). This factor was applied to our 
vascular resistance data to uncover changes in re- 
gional vasomotor tone. It should be kept in mind that 
the quantitativeness of this approach is limited by the 
questionable applicability of in vitro measurements of 
blood viscosity to vascular beds in vivo because of 
regional variations in vascular dimensions and flow 
velocity, as well as the heterogeneity of shear rate 
across a single vessel (16). 

In the kidney, splanchnic organs, skeletal muscle 
and skin, hemodilution either had no effect on flow, 
it reduced flow, or it caused modest increases in flow 
that were less than those expected from reduced 
blood viscosity itself. This suggests that vasoconstric- 
tion occurred in these vascular beds. Although our 
data shed no light on the mechanism(s) for this 
vasoconstriction, a role for the sympathetic vasocon- 
trictor nerves is suggested by several previous find- 
ings. First, cardiac sympathectomy compromises the 
compensatory response of the canine cardiovascular 
system to acute hemodilution (15). Second, arterial 
chemoreceptors are stimulated by diluted blood (20), 
which provides the obligatory sensory limb for acti- 
vation of the sympathetic nerves. Finally, activation 
of the sympathetic vasoconstrictor nerves in periph- 
eral beds is an important component of the reflex 
response to other systemic cardiovascular stresses, 
including hemorrhagic shock (21). 

Although oxygen supply decreased in the afore- 
mentioned peripheral beds during hemodilution, this 
does not necessarily indicate that oxygen consump- 
tion decreased proportionally. The possibility that 
increases in oxygen extraction compensated at least 
in part for reduced oxygen carrying capacity cannot 
be discounted, especially in the kidney. Because of a 
primary function in filtering the blood, renal blood 
flow (and oxygen supply) is normally well in excess 
of that required to meet its basal oxidative demands 
(19). This results in a very modest local oxygen 
extraction, which presumably can be increased when 
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necessary to maintain adequate tissue oxygenation. It 
is worth noting that despite apparent local vasocon- 
striction, renal blood flow remained at baseline levels 
during hemodilution. This is in keeping with the well 
documented ability of the renal circulation for auto- 
regulation of flow (22). 

Vasoconstriction in peripheral beds ensured that 
much of the increase in cardiac output during hemo- 
dilution was preferentially distributed to the myocar- 
dium and brain, so that oxygen supply remained 
adequate to the so-called vital organs. The tendency 
for increases in myocardial blood flow to maintain 
local oxygen supply during isovolemic hemodilution 
has been demonstrated previously (23,24). 

The present finding of >50% reduction in myocar- 
dial vascular resistance during hemodilution suggests 
that both lowered blood viscosity and autoregulatory 
coronary vasodilation contributed to these increases 
in myocardial blood flow. This is consistent with 
previous reports of reduced vasodilator reserve ca- 
pacity in the coronary circulation during hemodilu- 
tion (23). 

The maintenance of cerebral oxygen supply during 
isovolemic hemodilution is in keeping with previous 
reports of unchanging cerebral oxygen consumption 
and electroencephalographic activity under compara- 
ble conditions in anesthetized dogs (25,26). The mag- 
nitude of observed changes in regional vascular re- 
sistance suggest that local vasodilation contributed to 
flow increases in cerebral cortex, while reduced blood 
viscosity alone was responsible for flow increases in 
subcortical regions. 

In conclusion, the present results suggest that 
isovolemic hemodilution alone is reasonably well 
tolerated by body tissues, and they reaffirm its suit- 
ability for clinical use. 


Effects of Adenosine-Induced Controlled 
Hypotension during Isovolemic Hemodilution 


Adenosine-induced hypotension during isovolemic 
hemodilution was caused primarily by a decrease in 
systemic vascular resistance, although cardiac output 
decreased marginally because of bradycardia. This 
bradycardia was apparently due to direct suppression 
of pacemaker activity in the sinoatrial node by aden- 
osine (27), great enough to override the expected 
baroreflex-mediated increase in heart rate associated 
with aortic hypotension itself. Such reflex tachycardia 
is a problem encountered frequently in patients when 
other drugs are employed to produce controlled 
hypotension. 

Although local intra-arterial infusion of adenosine 
causes vasodilation in most organs (6,28-30) due to a 
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direct relaxant effect on arteriolar smooth muscle, it 
causes vasoconstriction in the kidney (31). This vaso- 
constrictor action of adenosine in the present study 
was demonstrated by pronounced decreases in renal 
blood flow, which were far in excess of those ex- 
pected from reductions in driving pressure alone. 
The magnitude of these decreases in flow (73%) 
warrants concern, especially when superimposed on 
reduced oxygen carrying capacity of arterial blood. 

Despite the direct vasodilator effect of adenosine, 
flow in several beds, namely the pancreas, liver, 
spleen, and skin, decreased during intravenous 
adenosine infusion. This indicates that the direct 
vascular effect of adenosine in these tissues was 
overridden by an antagonistic vasoconstrictor mech- 
anism, perhaps the sympathetic vasoconstrictor 
nerves as part of the baroreceptor-reflex response to 
aortic hypotension (21). 

Adenosine-induced controlled hypotension influ- 
enced favorably global left ventricular myocardial 
oxygen supply/demand balance, because it increased 
oxygen supply while reducing parameters of oxygen 
demand. The significant increase in left ventricular 
blood flow caused by adenosine occurred in the 
presence of a 50% reduction in driving pressure and 
after a portion of the flow reserve had been likely 
recruited to preserve myocardial oxygenation during 
hemodilution alone, which is evidence for the exten- 
siveness of the vasodilator reserve capacity in the left 
coronary circulation. Another mechanism contribut- 
ing to elevated left ventricular myocardial blood flow 
during adenosine infusion was attenuation of the 
systolic extravascular component of coronary vascu- 
lar resistance, because of bradycardia and reduced 
intramyocardial pressure secondary to reduced left 
ventricular intracavitary pressure (32). 

Reductions in heart rate and left ventricular pres- 
sure (in accordance with the law of Laplace a reflec- 
tion of wall tension) were two factors reducing myo- 
cardial oxygen demand during adenosine infusion 
(33). Whether myocardial contractility, the third pri- 
mary determinant of myocardial oxygen demand, 
decreased during adenosine infusion is uncertain. 
Although in vitro studies suggest that adenosine may 
inhibit transarcolemmal movement of calcium (34), 
we previously observed no change in local myocar- 
dial oxygen consumption and segment shortening 
during intracoronary infusion of adenosine in in situ 
canine hearts (30,35). Although adenosine infusion 
significantly decreased left ventricular dP/dt,,,, in the 
present study, interpretation of this finding is con- 
founded by concurrent reductions in aortic pressure 
and heart rate (36). 

Intravascular adenosine cannot affect cerebral vas- 
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cular smooth muscle directly because it does not cross 
the blood-brain barrier (6). Therefore, changes in 
regional cerebral blood flow during adenosine infu- 
sion reflected responses to aortic hypotension under 
conditions of isovolemic hemodilution. The data in- 
dicate that autoregulatory vasodilation occurred in all 
regions of the brain, but that it was inadequate in 
higher brain regions to maintain blood flow at the 
level required for undiminished oxygen supply. This 
suggests decreases in cerebral oxygen consumption 
although, as stated earlier, compensatory increases in 
cerebral oxygen extraction cannot be ruled out. The 
better preservation of flow and oxygen supply in the 
medulla and cervical spinal cord than in higher brain 
regions during adenosine-induced hypotension is 
consistent with previous reports of heterogenous 
autoregulatory capability in the brain (6,37). 

The persistence of coronary and systemic hemody- 
namic responses during the 60-minute infusion of 
adenosine is confirmatory evidence that the circula- 
tion does not develop tachyphylaxis to effects of 
adenosine (1,35). 

The present findings are directionally similar to 
those obtained during adenosine-induced hypoten- 
sion alone (6,8). The higher blood flow in certain 
tissues, e.g., myocardium, is consistent with the 
ability of reduced blood viscosity to itself reduce 
vascular resistance. It should be kept in mind that 
this augmentation in flow occurred at the cost of 
reduced oxygen carrying capacity of the arterial 
blood. 

The only other study ‘to evaluate regional hemo- 
dynamic responses during combined isovolemic he- 
modilution and controlled hypotension utilized tri- 
methaphan to induce hypotension (10). Although 
findings in that previous study were essentially sim- 
ilar to those in the present study in most vascular 
beds, there were glaring differences in the myocar- 
dium and kidney where combined hemodilution and 
trimethaphan-induced hypotension had no effect on 
blood flow. This contrast in results emphasizes the 
unique ability of adenosine to have potent but oppo- 
site vasomotor effects in the coronary and renal 
circulations. 

In conclusion, combined isovolemic hemodilution 
and adenosine-induced controlled hypotension had a 
mixed effect on regional oxygen supply in anesthe- 
tized dogs; it increased oxygen supply in myocar- 
dium well above required levels, while it reduced 
oxygen supply in most other body tissues, including 
the brain and kidney. These latter effects suggest the 
need for extensive clinical monitoring of patients in 
whom combined isovolemic hemodilution and aden- 
osine-induced controlled hypotension is utilized. 
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Effects of Tracheal Intubation on Laryngeal Acoustic Waveforms 


Hans-Joachim Priebe, mp, William Henke, PhD, and John Hedley-Whyte, MD 


PRIEBE H-J, HENKE W, HEDLEY-WHYIE J. Effects of 
tracheal intubation on laryngeal acoustic waveforms. 
Anesth Analg 1988;67:219-27. 


To assess the feasibility of noninvastve detection of laryn- 
geal injury after tracheal intubation through acoustic wave- 
form measurements, we studied the effects of intubation on 
“time-expanded” acoustic waveforms of the larynx in 16 
patients given general anesthesia, 9 with and 7 without 
tracheal intubation. Recordings of several utterances were 
obtained by means of a microphone and an accelerometer 
attached to the skin at the midpoint of the suprasternal 
notch. Recordings were taken the day before induction of 
general anesthesia, 20 minutes after extubation, and 2 and 
4 days after extubation. Waveforms of the recordings were 
subsequently assessed visually for features different from 


An endotracheal tube is required during general 
anesthesia for controlled ventilation and airway pro- 
tection. Some damage to the upper airway occurs in 
almost all patients after either short- or long-term 
intubation, and the larynx is one of the most common 
sites of injury, which is due primarily to pressure 
necrosis (1-4). The consequences of laryngeal injury, 
although mostly minor and reversible, are potentially 
serious. Laryngeal injury may lead to acute or chronic 
airway obstruction after extubation due to edema or 
granuloma formation severe enough to require surgi- 
cal intervention. Laryngeal dysfunction may also lead 
to impaired airway protection and thus render the 
patient susceptible to pulmonary aspiration. 
Innovations in material and shape of endotracheal 
tubes may help to reduce the incidence of serious 
sequelae in the future. Direct laryngoscopy and high- 
speed cinematography have been used to study la- 
ryngeal function. For practical purposes, however, a 
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those of normal phonation as determined in preliminary 
studies. Waveforms in several of the recordings taken soon 
after extubation showed marked intraperiod and interperiod 
irregularities. These abnormalities improved and disap- 
peared over the following 4 days. No changes were observed 
in the acoustic waveforms of seven patients gtven general 
anesthesia without tracheal intubation. The analysis of 
time-expanded acoustic waveforms of the larynx indicates 
that this technique has considerable potential as a sensitive, 
noninvasive technique that helps to evaluate the effects of 
tracheal intubation on laryngeal function, a technique that 
warrants further study and evaluation. 


Key Words: INTUBATION, TRACHEAL— 
complications. LARYNX, FUNCTION—postoperative. 


noninvasive test would be optimal for evaluation of 
the effects of tracheal intubation on laryngeal perfor- 
mance. The purpose of this study was first to evalu- 
ate the efficacy of time-expanded acoustic waveforms 
of the larynx as a means of studying laryngeal func- 
tion noninvasively and, second, to define changes in 
acoustic signals indicative of laryngeal injury after 
tracheal intubation. 


Methods 


Preliminary studies were done in ten patients (age 
21-63 years, six men, four women) to develop reli- 
able, reproducible methods of voice recording and 
analysis. Six patients presented for gynecologic pro- 
cedures under general anesthesia without tracheal 
intubation, and four of them for open heart surgery. 
Two of the latter patients were taking diuretics, and 
two of them -receptor blockers. A major objective 
was to achieve, with minimum recording, a maxi- 
mum of information. This is an important consider- 
ation because some recordings are taken when pa- 
tients are still physically weak due to the preceding 
anesthetic and operation. To be acceptable to the 
patient, the test has to be quick and easy to perform. 

We initially evaluated the suitability of repeating 
various utterances, short statements, and questions. 
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These included: sustaining the vowel sound “a” for 
several seconds, first at a comfortable loudness and 
subsequently at an increased loudness; repetition of 
the short rapid “a” and ‘at’; and a pitch glide 
starting from as low to as high as possible. 

We chose the sustained “a” for evaluation of the 
recorded waveforms during steady state phonation. 
We hypothesized that the recordings of the loud “a” 
might reveal subtle changes in the waveforms that 
would not be detected during normal loudness. The 
sequence of several short “a”s and “at’’s was in- 
cluded to elicit glottal stops indicative of cord closure. 
The pitch glide was chosen to evaluate voice changes 
over a wide pitch range. 

Recordings from all patients were obtained by 
means of a microphone held approximately 10-15 cm 
from the mouth and a small accelerometer (<2 g) 
attached to the skin with double-sided adhesive tape 
at the midpoint of the suprasternal notch. In such a 
position the transducer is typically located 2-3 cm 
below the glottis and its axis is oriented anteroposte- 
riorly. 

There are several advantages to the use of a 
pretracheal accelerometer: its signal is little influ- 
enced by supralaryngeal articulation; it produces a 
relatively simple waveform; and improvement in the 
signal-to-noise ratio can be achieved (5). The latter 
could be an important consideration when the speak- 
ing environment is noisy (as in a postanesthetic 
recovery room or an intensive care unit) and the 
patient’s voice is weak. 

The recording of the air-transmitted audio signals 
allowed us to differentiate between those features of 
the accelerometer signal attributable to laryngeal ac- 
tivity and those due to artifacts such as differences in 
accelerometer positioning or gross patient move- 
ments. | 

The signals recorded on magnetic tape were sub- 
sequently graphically displayed as parallel, two- 
channel oscillograms, typically with a time scale of 
1000 mm/sec and a bandwidth of 5 kHz. To obtain 
these high-resolution displays, the recorded time 
signals were digitalized for a computer with an ana- 
log-to-digital converter. The computer subsequently 
displayed the signals on an electrostatic plotter. 

In the preliminary studies, we tried to define 
features characteristic of normal phonation by visu- 
ally analyzing various oscillograms. We focused our 
attention on changes within and between glottal 
periods and referred to these as intraperiod and 
interperiod irregularities, respectively. A period is 
one glottal cycle or the standard pitch period (Fig. 1, 
T). Reproducibility of the method was evaluated by 
repeating the recordings of the various utterances in 
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two uf us (H.-J.P., W.H.) and a volunteer several 
times during the same session and again several days 
later. | 

After the preliminary studies we examined a fur- 
ther 16 patients classified into two groups. Group A 
consisted of nine patients who presented for open 
heart surgery for valvular or coronary artery disease 
and who were likely to have elective postoperative 
ventilation for 24 hours or more. There were three 
female and six male patients (mean age 50.6 years, 
range 23-65). Anesthetic drugs used included halo- 
thane, narcotics, diazepam, droperidol, pancuro- 
nium and curare. All patients were orally intubated 
with endotracheal tubes of appropriate sizes with 
low-pressure, high-volume cuffs. Mean duration of 
intubation was 25 hours (range 16-30). 

Group B comprised seven female patients (mean 
age 37 years, range 14-51) given general anesthesia 
(mean duration 29 minutes, range 25-40) without 
tracheal intubation for various gynecologic proce- 
dures (dilation and curettage of the uterus, colpo- 
scopy, etc.). Anesthetic drugs used included nitrous 
oxide, halothane, enflurane, and thiopental. This 
group of patients was included to help us in differ- 
entiating between the effects of tracheal intubation 
and general anesthesia on acoustic waveforms of 
phonation. 

All 16 patients were asked to repeat the following 
utterances, which were then recorded: (a) a long, 
sustained “a” at a pitch and an intensity convenient 
for the patient; (b) a sustained loud “a”; (c) a se- 
quence of several short, rapid “a’’s. 

In group A, recordings were made in the unpre- 
medicated patient the night before the operation, 
within 20 minutes after extubation, and on the sec- 
ond and fourth day after extubation. In group B, 
recordings were made in the unpremedicated patient 
the night before the operation, postoperatively 
within 20 minutes of regaining consciousness, and 
either later the same or the following day. No further 
recordings of these patients were made because they 
left the hospital either the same day or the day after 
the anesthetic. 

The study was approved by the Committee on 
Clinical Investigation and Human Studies of Beth 
Israel Hospital, Boston, Massachusetts, where these 
studies were undertaken. Written informed consent 
was Obtained from all patients. 


Results 
Group A 


Figures 1-3 display the sequences of simultaneously 
recorded microphone and subglottal accelerometer 
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“a at 


signals from the utterance “a” at a convenient level of 
pitch and intensity. These displays show recordings 
made in all nine patients in group A preoperatively 
(A), immediately after extubation (B), 2 days after 
extubation (C), and 4 days after extubation (D). 
Certain typical features can be extracted from several 
of these waveforms. The recordings of “Patient 1” 
(Fig. 1, A-D) may serve as an example. 

The recording taken preoperatively (A) represents 
an amplitude-versus-time plot characteristic of nor- 
mal phonation. The upper trace displays the micro- 
phone signal, the lower trace the accelerometer sig- 
nal. The two channels are displayed synchronously. 
The microphone signal is delayed approximately 0.5 
msec with respect to the accelerometer signal due to 
sound propagation delay. There is a sudden increase 
in amplitude within each period (T) of the micro- 
phone signal and a corresponding onset of a single 
strong stroke in the accelerometer signal (A). The 
oscillations decay smoothly and monotonically 
within each cycle. Partway through each cycle the 
rate of decay increases (B). These plots clearly show 
the periodicity of normal speech. 

The preliminary studies had shown that this pat- 
tern of normal phonation is highly reproducible. The 
microphone recordings when repeated in the same 
subject immediately or days later are qualitatively 
and quantitatively almost identical. Only the ampli- 
tude may vary with the loudness of the voice. 

The accelerometer signal is equally reproducible 
when recorded immediately without repositioning of 
the accelerometer. Although the signal is rather sen- 
sitive to even small variations in the site of applica- 
tion of the accelerometer, the resulting differences in 
the signal are primarily quantitative rather than qual- 
itative in nature. The smooth, monotonic decay in 
amplitude within each period characteristic of normal 
phonation is highly reproducible. 

The preliminary studies clearly indicated that the 
lack of intra- and interperiod irregularities is the most 
distinctive feature of normal phonation. This finding 
is of practical importance because the accelerometer 
signal may at times suggest changes in the quality of 
phonation due to variations in accelerometer posi- 
tion. However, intraperiod and/or interperiod irreg- 
ularities were never observed in either two of us 
(H.-J.P., W.H.), in a volunteer during repeated re- 
cordings at different times, or preoperatively in any 
of the 16 patients studied. 

In marked contrast to the smooth and regular 
time-amplitude plots of the preoperative recordings, 
the plots of the recordings taken soon after extuba- 
tion (B) display marked intraperiod and interperiod 
irregularities. Within periods, the clear abrupt in- 
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crease in amplitude followed by a smooth, monotonic 
decay in the microphone signal, and the single strong 
stroke in the accelerometer signal are lost. In the 
accelerometer signal we notice additional deflections 
within the cycle (A). We have termed this phenome- 
non “phase reversal.” 

The recordings taken 2 days after extubation (C) 
display a clear tendency toward returning to the 
characteristics of normal speech that we observed in 
(A). The interperiod irregularities have disappeared. 
However, the microphone signal still shows intrape- 
riod abnormalities. The normally smooth monotonic 
decay within each cycle is still interrupted by abrupt, 
spiky deflections. The accelerometer signal still dis- 
plays “phase reversal.” In general, however, these 
abnormal features are less pronounced than in the 
recording taken after extubation (B). 

The plot of the recording taken 4 days after extu- 
bation (D) displays all the features of normal speech 
and is similar to the plot of the preoperative recording 
(A). All interperiod and intraperiod ’ ure ariee 
have disappeared. 

The sequences of recordings in Patients 2-9 dis- 
played similar characteristics. At times, however, 
there were only small changes in the immediately 
postextubation recordings (Patients 5 and 7). Both 
these patients were female (duration of intubation 16 
and 24 hours, respectively). Whereas the microphone 
signals 4 days after extubation are qualitatively as 
well as quantitatively similar to the preoperative re- 
cordings, the acceleromeier signals do not always 
resume their preoperative pattern. This is most likely 
related to a slightly different fixation of the accelerom- 
eter to the skin at the time of the final recording. In 
every case, however, all of the intra- and interperiod 
irregularities disappeared 4 days after extubation. 

In several patients, there was poor correlation 
between subjectively perceived hoarseness and ob- 
jectively noted changes in the acoustic waveforms. 
Some patients with marked hoarseness displayed 
fewer abnormalities in the acoustic signals than oth- 
ers with a lesser degree of hoarseness. There are only 
three displays (A-C) of Patient 5. The final recording 
(D) was technically inadequate. 

The changes in the acoustic signals of the other 
utterances (loud “a,” rapid “’a’’) followed very closely 
those of the convenient “a.” Because they did not 
display additional eee features, they are not 
shown. 


Group B 


The recordings of this group did not show clear 
differences between pre- and postoperative record- 
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Figure 1. Sequences of amplitude-versus-time plots of the utterance “a” of three intubated patients. The top signal of each display 
represents the microphone, the bottom one represents the accelerometer signal. (A) preoperative recordings; (B) recordings immediately 
after extubation, (C) recordings 2 days after extubation; (D) recordings 4 days after extubation; (T) glottal cycle. For explanations of A, B, 
and A, see text. 
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Figure 2. Sequences of amplitude-versus-time plots of the utterance “a” of three intubated patients. Abbreviations as in Fig. 1. 
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Figure 3. Sequences of amplitude-versus-time plots of the utterance “a” of three intubated patients. Abbreviations as in Figure 1. 
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Figure 4. Sequences of amplitude-ver- 
sus-time plots of two nonintubated pa- 
tients. (A) preoperative recordings; (B) 
recordings immediately after the anes- Ct a 4. eo 
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ings. Therefore, recordings of the utterance “a” are 
shown for only two of the seven patients (Fig. 4). 

It became obvious early on that the recordings of 
several of the short phrases and utterances such as 
the pitch glide and the short repeated “at” had to be 
omitted. Most patients were unable to repeat these 


times were we able to define age- or sex-related 
characteristics in acoustic waveforms. 


Discussion 


more effort-dependent phonations immediately after 
extubation in a technically acceptable manner. It was 
also apparent from the recordings of patients who 
completed all phonations that no additional informa- 
tion could be gained from those utterances. At no 


Laryngeal trauma, especially after prolonged tracheal 
intubation, remains a serious problem. Changes in 
tracheal tube configuration and material have dimin- 
ished the incidence of injurv to the larynx (6). How- 
ever, the effectiveness of new tube designs needs to 
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be evaluated clinically, preferably by a sensitive, 
reproducible and, most important, by a noninvasive 
method. Our investigation shows that the time- 
expanded analysis of the acoustic waveforms of the 
larynx may fulfill these criteria. 

The use of small accelerometers (<2 g) affixed to 
the external surface in the region of the larynx trans- 
duce signals reflecting various aspects of laryngeal 
activity during phonation. Comparative evaluation of 
such signals under varying conditions of articulation, 
transducer location, and speaker, suggests an associ- 
ation of specific features of the signals with mechan- 
ical and acoustical correlates such as open and closed 
periods during the glottal cycle and distinct subglottal 
and supraglottal resonances. The sudden increase in 
amplitude seen in the recorded microphone signals 
and the corresponding single strong stroke seen in 
the accelerometer signal within each cycle during 
undisturbed phonation coincide with the closure of 
the vocal cords. The increase in the decay rate of 
oscillations partway through each cycle can be attrib- 
uted to the opening of the vocal cords. By displaying 
the motion of the vocal cords, such signals may be 
useful for the evaluation of airway competence. The 
combination of ‘‘time-expansion” (1000 mm/sec) of 
the acoustic waveforms and broad bandwidth pro- 
vides high-resolution display that allows for visual 
recognition of fine features within the signals. These 
characteristics contribute greatly to the sensitivity of 
detecting laryngeal dysfunction. 

The displays demonstrate that use of the pretra- 
cheal accelerometer greatly helped in waveform anal- 
ysis. This is particularly evident in the recordings 
done immediately after extubation (Fig. 1-3, B). 
These were taken in a relatively noisy intensive care 
unit at a time when the patients’ voice was often 
weak. When compared to the microphone signals, 
those originating from the accelerometer are of better 
signal-to-noise ratio and, therefore, better suited for 
waveform analysis. 

During our evaluation it became apparent that 
analysis of the time-expanded waveforms revealed 
laryngeal dysfunction that could not be detected 
reliably by subjective, auditory means. Otolaryngo- 
logists have long used voice quality in the evaluation 
of laryngeal disorders. However, the assessment of 
voice quality in terms of breathiness, harshness, and 
hoarseness is prone to high intraobserver variability 
(7). The perception of hoarseness may even be af- 
fected by extralaryngeal factors (8). Several investiga- 
tors have attempted to extract objective data from the 
acoustical signal that might provide criteria for the 
detection of laryngeal dysfunction (9-12). We concen- 
trated our analysis on departures from periodicity in 
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the acoustic waveforms and on changes within each 
glottal cycle. 

False-negative results by this method are unlikely. 
False-positive results, in our opinion, can be reduced 
to a minimum if attention is paid to details. If seg- 
ments of normal and abnormal waveforms are de- 
tected within a single utterance, it is likely that the 
abnormal features are produced by a more temporary 
derangement, such as mucus on the vocal cords, 
rather than vocal cord edema or abrasions. The 
recognition of alternating patterns of waveforms is 
also important in excluding inadequate cooperation 
by the patient. In general, the voice recording re- 
quires very little effort, but it can happen that a 
patient is heavily sedated while the recording is being 
taken. Periods of normal waveforms indicate that the 
intermittently occurring abnormal waveforms are due 
to inadequate effort rather than true laryngeal dys- 
function. however, time-expangion allows for ade- 
quate analysis of the waveforms of even very weak 
voices. 

In patients given general anesthesia without tra- 
cheal intubation, we found no changes in the acoustic 
waveforms immediately after anesthesia. During the 
recording, most of the patients in this group showed 
more residual central depression from the preceding 
anesthetic than did patients who had been intubated 
for a prolonged period of time. This finding suggests 
that the observed changes in acoustic waveforms of 
the larynx after intubation are caused by the mechan- 
ical impact of the tracheal tube, rather than by central 
depression. 

We did not attempt to correlate waveform irregu- 
larities with anatomic changes of the larynx. This 
would have required invasive examinations of the 
larynx, when noninvasiveness was one of the main 
objectives of our investigation. However, the visual 
assessment of many preliminary recordings enabled 
us to extract those features that are typical of normal 
phonation. We therefore feel confident in identifying 
those signals that are indicative of laryngeal dysfunc- 
tion. Even without direct examination, our results 
indicate that cord function is significantly impaired 
directly after extubation. The follow-up recordings 
show that several days may be needed until the 
waveform pattern of normal phonation is resumed. 

In summary, analysis of time-expanded acoustic 
waveforms may represent a sensitive, noninvasive 
method useful in objective detection of laryngeal 
impairment after tracheal intubation. It avoids some 
of the problems of intra- and interobserver variability 
inherent in simple evaluation of hoarseness. This 
method may, therefore, be used for the evaluation of 
the effects of new tracheal tubes on the larynx. 
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Furthermore, a voice recording taken before tracheal 
intubation might allow for the differentiation be- 
tween preexisting laryngeal impairment and laryn- 
geal dysfunction caused by intubation. Thus, this 
technique has a potential for being a sensitive, reli- 
able method for predicting and demonstrating post- 
operative laryngeal complications. However, addi- 
tional studies are required to reveal the potential of 
this technique. 


We gratefully acknowledge the technical assistance of Mr. Tze C. 
Lee. 
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The effects of adenosine-induced hypotension on central as 
well as myocardial hemodynamics and metabolism were 
studied in five neurolept-anesthetized patients without 
known heart or lung diseases, who were undergoing cere- 
bral aneurysm surgery. Adenosine (217 + 32 
ug-kg""-min™*) decreased mean arterial pressure 30% 
from 77 + 5 to 54 + 3 mm Hg. Cardiac filling pressures 
and heart rate remained unchanged during hypotension. 
Adenosine decreased systemic vascular resistance 50 + 5% 
while cardiac index increased 39 + 10%. Coronary sinus 
blood flow increased by 73 + 13% from 128 + 18 to 224 + 


Adenosine has recently been introduced as an agent 
to induce hypotension during intracranial aneurysm 
surgery (1,2). Hypotension is rapidly achieved and is 
caused by a marked dilation of resistance vessels, 
leading to a hyperkinetic circulatory pattern with an 
increase in cardiac output (1,2) and a minor decrease 
in whole body oxygen consumption (1). In contrast to 
other hypotensive agents such as sodium nitroprus- 
side and nitroglycerine, adenosine does not lead to 
activation of the renin-angiotensin system in dogs (3). 
This probably explains the remarkably stable blood 
pressure level, without tachyphylaxis or rebound 
hypertension, that characterizes adenosine-induced 
hypotension in humans (1,2). 
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36 ml/min with a concomitant decrease in calculated coro- 
nary vascular resistance (66 + 4%). Both systemic and 
myocardial arteriovenous oxygen content differences de- 
creased, and myocardial oxygen consumption decreased 42 
+ 9%. There were no alterations in myocardial fractional 
lactate extraction. Arterial plasma renin activity and arte- 
rial catecholamine levels were unaffected by hypotension. It 
is concluded that adenosine hypotension in this group of 
patients produced a hyperkinetic circulation in the systemtic 
as well as in the myocardial vascular bed. Cardiac output 
and coronary sinus blood flow increased at the same time as 
myocardial oxygen consumption decreased. 


Key Words: ANESTHETIC TECHNIQUES, 
HYPOTENSIVE—adenosine. HEART—myocardial 
function. 


In animals, adenosine administered into coronary 
arteries is a potent vasodilator (4), and adenosine- 
induced hypotension by systemic administration is 
associated with increased coronary sinus blood flow 
and decreased myocardial oxygen consumption (5). 
In humans adenosine-induced coronary vasodilation 
has been demonstrated in an intraoperative study in 
which nonhypotensive doses of adenosine doubled 
coronary graft flow (6). Effects of adenosine-induced 
hypotension on the heart, as well as on the sympa- 
thoadrenal and renin-angiotensin systems in humans 
have, to our knowledge, so far not been elucidated. 
This investigation therefore focuses on these ques- 
tions. 


Patients and Methods 


Five patients (four women and one man, age 34-68 
years) scheduled for intracranial aneurysm surgery 
were studied 2-14 days after admission for subarach- 
noid hemorrhage. No patient was on regular medi- 
cation. Patients with cardiac or pulmonary diseases 
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were not included. Preoperative ECGs and chest 
X-rays were normal in all cases. The protocol was 
approved by the Human Ethical Committee of our 
institution and patients were included after giving 
their written informed consent. 

One hour. before operation, the patients were 
premedicated with diazepam 15 mg orally. Atropine 
0.5 mg and droperidol 0.1 mg/kg were given intrave- 
nously before induction with thiopental 5 mg/kg and 
1-2 mg phenoperidine (a synthetic opiate with longer 


_ duration but lower analgesic potency than fentanyl). 


Pancuronium bromide 0.1 mg/kg was given to facili- 
tate tracheal intubation. Anesthesia was maintained 
with incremental doses of phenoperidine and drope- 
ridol when required. Controlled ventilation was em- 
ployed with N,O in O, (Fig, 0.4) to maintain Paco, at 
approximately 4.0 kPa (30 mm Hg). Ringer’s solution 
3 ml-kg~"-h~* was given intraoperatively. Mannitol 1 
g/kg was given routinely at the start of surgery. The 
patients were operated on in the supine horizontal 
position. 

After induction of anesthesia an arterial catheter 
was placed in the left radial artery and a flow- 
directed, quadruple-lumen pulmonary artery cathe- 
ter (Edwards, model 93A-831-7.5F, VIP) was inserted 
through the left subclavian vein. A thermodilution 
catheter (Webster Laboratories, Altadena, California) 
was inserted into the coronary sinus through the 
right internal jugular vein under fluoroscopic control 
and continuous pressure recording. Its correct posi- 
tion in the coronary sinus was verified by analysis of 
blood oxygen saturation. Arterial, pulmonary arte- 
rial, right atrial, and coronary sinus pressures were 
continuously recorded by tranducers placed at the 
midthoracic level. Mean pulmonary capillary wedge 
pressure was recorded intermittently. Cardiac output 
was measured by triplicate determinations using 10 
ml cold saline (2 + 1°C) injected at end-expiration. 
Coronary sinus blood flow (ml/min) was determined 
in triplicate by the retrograde thermodilution tech- 
nique, using intermittent infusions of saline at a rate 
of 33 ml/min. The flow values given represent the 
mean values of the triplicate determinations. 

The ECG was monitored with a standard chest (V5) 
lead. Heart rate was determined from the R-R inter- 
val. The ECG and blood pressures were continuously 
recorded on a Grass polygraph. Arterial, mixed ve- 
nous, and coronary sinus samples were obtained 
simultaneously for measurements of blood gas ten- 
sions and oxygen content. Oxygen and carbon diox- 
ide tensions and pH were measured with an ABL 3 
blood gas analyzer (Radiometer, Copenhagen). He- 
moglobin oxygen saturation was obtained using an 
OSM 3 Hemoximeter (Radiometer) with pH and 
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temperature corrections. Hemoglobin concentration 
was also determined in each sample. Arterial and 
sinus blood lactate levels were measured according to 
Tfelt-Hansen & Sigaard-Andersen (7). 

Plasma renin activity was determined in arterial 
blood by a radioimmunoassay method using a New 
England Nuclear Angiotensin “I kit. Five milliliters 
of blood were collected from the arterial line and 
immediately transferred to ice-cooled glass tubes con- 
taining 5 mg ethylenediaminetetraacetic acid (EDTA). 
The plasma was separated from the blood cells and 
immediately frozen (~20°C) until analysis. Blood 
samples for catecholamine determination were col- 
lected through the arterial line and immediately 
placed in ice-cold tubes containing EDTA to a final 
concentration of 10 mM. After centrifugation at +4°C, 
plasma was removed and stored at —70°C until assay 
for concentration of epinephrine and norepinephrine 
(8). Arterial samples for determination of hypoxan- 
thine and uric acid were collected and analyzed as 
previously described (9). 

Adenosine (20 mM, 5.3 mg/L in isotonic saline 
prepared by the pharmacy of our institution was 
administered as a continuous infusion (Critikon roller 
pump 2102 A) into the right atrium at a rate sufficient 
to reduce mean arterial pressure to approximately 55 
mm Hg. Baseline measurements and blood sam- 
plings were made before the infusion of adenosine 
and after 20 minutes of stable hypotension. Final 
measurements and blood samples were obtained 20 
minutes after the termination of adenosine infusion. 


Calculations and Statistics 


Systemic and pulmonary vascular resistance indexes 
as well as left and right ventricular stroke work 
indexes were calculated according to standard formu- 
las. Coronary vascular resistance was calculated as 
(diastolic arterial pressure — pulmonary capillary 
wedge pressure)/coronary sinus flow. Myocardial 
fractional lactate extraction was calculated as (arterial 
lactate concentration — sinus lactate concentration)/ 
arterial lactate concentration, and converted to per- 
cent. Data were analyzed using two-way analysis of 
variance with randomized block design with multiple 
comparisons. P < 0.05 was accepted as significant. 
Results are expressed as mean + SEM. 


Results 


Controlled hypotension, induced during dissection 
and clipping of the aneurysms and lasting for 25-37 
minutes, usually commenced 3-4 hours after initia- 
tion of anesthesia. Adenosine (217 + 32 
gkg `min™?) reduced mean arterial and diastolic 
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Table 1. Systemic and Myocardial Hemodynamic Variables Before, During, and After Adenosine-Induced Hypotension 


in Five Patients During Neurosurgery 


Before After 

adenosine Adenosine adenosine 
Méan arterial pressure (mm Hg) ES 54 t 3t 7943 
Diastolic arterial pressure (mm Hg) 6125 40 + 4t 61+4 
Mean pulmonary artery pressure (mm Hg) 14+ 2 16 +2 l4 +1 
Mean pulmonary capillary wedge pressure 82 10 + 2 91 


(mm Hg) 


Mean right atrial pressure (mm Hg) oien] 6+1 6+1 
Mean coronary sinus pressure (mm Hg) G1 8+1 8+1 
Cardiac index (L‘min™ tm?) 22402 3.1 + 0.4* 2.7 + 0.2 
Coronary sinus blood flow (ml/min) 128 + 18 224 + 36+ 162 + 27 
Heart rate (beats/min) 63 + 6 67 +7 65 +7 
Stroke volume index (ml-m7~?) 3645 46+ 4 44+5 
Left ventricular stroke work index (mm 2567 + 414 2012 + 226 2990 + 371 
H¢g-ml-m~*) 
Right ventricular stroke work index (mm 319 + 69 446 + 58* 361 + 67 
Hg-m1-m~’) 
Systemic vascular resistance index (mm 3443 17 + 3+ 28 + 2 
Hg-L7}-min-m?) 
Pulmonary vascular resistance index (mm 2.9 + 0.4 2.1 + 0.4 1.9 + 0.4 
He-L!-min-m?) 
Coronary vascular resistance (mm 453 + 71 151 + 26t 386 + 81 
Hg:L~*min) 
Values are mean + SEM. 
*P < 0.05, significantly different from before and after adenosine. 
tP < 0.01, significantly different from before and after adenosine. 
arterial pressures 30 + 3 and 34 + 3%, respectively mi/min 


(Table 1). There was no need for dose adjustments 
during the hypotension period. Mean pulmonary 
artery, mean pulmonary capillary wedge, mean right 
atrial, and mean coronary sinus pressures were un- 
affected. Cardiac index increased 39 + 10% while 
heart rate remained unchanged. Left ventricular 
stroke work index was unaffected but right ventricu- 
lar stroke work index increased (53 + 20%). Adeno- 
sine decreased systemic vascular resistance (50 + 
5%), while pulmonary vascular resistance was unaf- 
fected. Coronary sinus blood flow increased 73 + 
13% (Table 1, Fig. 1). 

Arterial Po. was 15.9 + 1.9 kPa (119 + 14 mm Hg) 
and Pco, was 3.9 + 0.1 kPa (29 + 1 mm Hg) before 
adenosine administration and there were no signifi- 
cant alterations during the infusion (Table 2). Arte- 
riopulmonary artery oxygen content difference de- 
creased 34 + 4% while whole body oxygen 
consumption was unaltered. Coronary sinus oxygen 
content increased 103 + 19% and arteriocoronary 
sinus oxygen content difference thereby decreased 66 
+ 4%. Myocardial oxygen consumption decreased 42 
+ 9%. Blood concentrations of lactate and fractional 
myocardial lactate extraction were unaltered by aden- 
osine (Table 2). The V; lead of the ECG showed no 
ST-T segment changes. One patient had an intermit- 
tent secondary AV-block during induction of hypo- 
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Figure 1. Illustration of coronary sinus blood flow and meán 
arterial pressure, before and during adenosine-induced hypoten- 
sion in five patients during neurosurgery. 


tension. This arrhythmia was, however, abolished 
once the hypotension reached steady state. 

= Renin activity in arterial plasma (3.6 + 1.4 pg/L) 
was unaffected by adenosine hypotension, and 
plasma catecholamines did not change significantly 
(Table 3). The levels of the adenosine metabolites 
hypoxanthine and uric acid increased in arterial 
plasma during the adenosine infusion but had re- 
turned toward baseline values 20 minutes after the 
termination of the infusion (Table 3). The postopera- 
tive course was uneventful in all cases. 
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Table 2. Systemic and Myocardial Metabolic Variables 
Before, During, and After Adenosine-Induced 
Hypotension in Five Patients During Neurosurgery 


Before After 
adenosine Adenosine adenosine 


Arterial Po, 

(kPa) 15.9 + 1.9. 15.32 1.8 14.9 +13 

(mmHg) 119 + 14 11513 I2 £10 

Arterial Peo, 

(kPa) 3.920.1 3.9004 42+0.1 

(mmHg) 29+05 29403 32+0.8 

Coronary sinus oxygen 6+5 126 + 4t 735 
content (miL) 

Arteriopulmonary artery 41 +3 27 t 2* 37 + 4 
oxygen content difference 
(mi/L) 

Arteriocoronary sinus oxygen 102 +5 55 2 OF. 89 + 8 
content difference (ml/L) 

Whole body oxygen 151217 135+13 166+ 13 
consumption (ml/min) 

Myocardial oxygen 3 2 S22 15 +3 
consumption (ml/min) 

Arterial lactate concentration 13+02 16+£03 15+0.3 
(mmol/L) 

Coronary sinus lactate 09+02 12+£03 1320.2 
concentration (mmol/L) 

Myocardial fractional lactate 30 + 5 30 + 4 re Boe « 


extraction (%) 


Values are mean + SEM. 
*P < 0.05, significantly different from before and after adenosine. 
tP < 0.01, significantly different from before and after adenosine. 


Discussion 


Adenosine infusion (217 + 32 ugkg`!-min™t) re- 
duced mean arterial pressure 30 + 3%. This reduction 
in blood pressure was attributed to reduced systemic 
vascular resistance secondary to arterial vasodilation. 
There were no signs of venodilation judging from the 
unaffected cardiac filling pressures. The maintained 
myocardial filling pressures may also have been me- 
diated by a redistribution of blood flow from splanch- 
nic to other vascular beds, as has been demonstrated 
in dogs during ATP-induced hypotension (10). The 
preferential afterload reduction was associated with 
increased cardiac output while whole body arteriove- 
nous oxygen content difference decreased. Such hy- 
perkinetic circulatory pattern, with minor influence 
on heart rate during adenosine hypotension, was also 
found in previous studies in humans (1,2). 

Despite the reduced myocardial perfusion pres- 
sure, adenosine increased coronary sinus blood flow 
with a resultant doubling of coronary sinus oxygen 
content. This indicates the presence of coronary vaso- 
dilation. Although the decrease in left ventricular 
stroke work index did not reach statistically signifi- 
cant levels in this limited number of patients, de- 
creased left ventricular work has been indicated in 


ANESTH ANALG 231 
1988;67:228-—32 


Table 3. Plasma Renin Activity, Uric Acid, Hypoxanthine 
and Catecholamine Concentrations in Arterial Plasma 
Before, During, and After Adenosine-Induced 
Hypotension in Five Patients During Neurosurgery 


Before After 
adenosine Adenosine adenosine 
Plasma renin activity 41416 3.5+1.3 4.7+1.5 
(ug/L) 
Uric acid (mol/L) 196 + 48 282 + 71* 269+ 51 
Hypoxanthine (mol/L) 16+08 882+06F 2520.8 
Epinephrine (nmol/L) 0.15 + 0.03 0.10 + 0.02 0.11 + 0.02 


Norepinephrine (nmol/L) 0.12 + 0.02 0.20 + 0.07 0.15 + 0.02 


Values are mean + SEM. 
*P < 0.05, significantly different from before and after adenosine. 
tP < 0.01, significantly different from before and after adenosine. 


larger studies (1,2). On the other hand, right ventri- 
cular work increased as a result of increased cardiac 
index and maintained pulmonary arterial and right 
atrial pressures. Right ventricular myocardial work 
was 10-20% of left ventricular work. However, be- 
cause the sum of left and right ventricular work did 
not increase during adenosine hypotension, the in- 
creased coronary sinus flow was not related to in- 
creased myocardial work. The magnitude of coronary 
vasodilation was comparable to that found in canine 
studies of adenosine-induced hypotension (5,11) but 
smaller than that during ATP-induced hypotension 
(12,13). 

It has previously been demonstrated that adeno- 
sine produces marked vasodilation in human vascu- 
lar beds in the brain (14) and skeletal muscle (9,15). 
The adenosine-induced increase in cerebral blood 
flow during neuroleptic anesthesia is influenced by 
the ventilatory pattern to the extent that the increase 
in flow is attenuated by moderate hyperventilation 
(14). The present study demcnstrates that a corre- 
sponding level of hyperventilation (Paco, 30 mm Hg) 
did not affect the adenosine-induced increase in cor- 
onary blood flow. : 

The hypotension was associated with a 40% de- 
crease in myocardial oxygen consumption. This 
marked decrease in oxygen utilization is in agreement 
with canine studies of adenosine-induced hypoten- 
sion (5) and may reflect decreased myocardial work 
and/or reduced oxygen utilization not related to 
changes in myocardial work. An oxygen sparing 
effect of adenosine unrelated to myocardial work has 
been reported in dogs (16). A calcium channel block- 
ing effect of adenosine may also exist, at least in 
vascular smooth muscle (17). The marked reduction 
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in myocardial oxygen uptake was not associated with 
change in myocardial lactate turnover. 

Controlled hypotension induced by vasodilators 
such as sodium nitroprusside may be associated with 
tachyphylaxis during hypotension and rebound hy- 
pertension after discontinuation of the infusion 
(18,19). These side effects are considered to be caused 
by activation of the renin-angiotensin system medi- 
ated by reduced renal perfusion pressure and in- 
creased sympathoadrenal activity (20,21). Unaltered 
plasma renin activity has been reported in dogs 
during adenosine-induced hypotension, while so- 
dium nitroprusside and nitroglycerine enhanced 
renin release (3). The effect of adenosine on renin 
mechanisms is probably mediated by a direct inhibi- 
tion of the renal juxtaglomerular cells (22,23). The 
present study demonstrates unchanged renin activity 
and unchanged levels of circulating catecholamines 
in arterial plasma during adenosine-induced hypo- 
tension. Absence of sympathetic activation and aden- 
osine-induced inhibition of renin activation may ex- 
plain the stable hypotensive effect without dose 
adjustments in our patients, as well as in previous 
studies with adenosine (1,2). 

In conclusion, adenosine-induced hypotension in 
neurolept-anesthetized patients was associated with 
a significant increase in coronary blood flow together 
with decreased myocardial oxygen consumption. The 
stability of the adenosine-induced hypotension is 
probably due to inhibition of both the sympathoad- 
renal and the renin-angiotensin system. 


We thank Professor Hamberger for performing the plasma cate- 
cholamine analyses and Dr. Bo Tidgren for analysis of plasma 
renin activity. 
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The safety and efficacy of buprenorphine and morphine as 
postoperative analgesics for children were compared in 60 
boys and girls 4 to 14 years old having elective orthopedic 
operations on upper or lower extremities. The drugs were 
gtven in a double-blind manner initially intravenously and 
thereafter by sublingual buprenorphine or intramuscular 
morphine administered as required to relieve pain until the 
third postoperative morning. The IV dose needed to achieve 


Pediatric patients are given less postoperative anal- 
gesics compared with adults (1) and the analgesic 
therapy has been reported by children to be inade- 
quate (2). To some extent the inadequacy of postop- 
erative analgesia in children may be related to their 
unwillingness to accept frequent injections of analge- 
sics. The relatively long analgesic effect of buprenor- 
phine might help to overcome this problem. Addi- 
tionally the sublingual preparation of buprenorphine 
might make injections unnecessary. Intravenous bu- 
prenorphine has been shown to be a safe postopera- 
tive analgesic when given to young children (3). 
Sublingual buprenorphine has proved to be a useful 
postoperative analgesic in adults (4,5). To our knowl- 
edge the safety and efficacy of sublingual buprenor- 
phine as postoperative analgesic has not been evalu- 
ated in pediatric patients. 

The purpose of this study was to compare bupre- 
norphine with morphine as postoperative analgesics 
when given to children following orthopedic surgery. 


Supported by a grant from the Paulo-Foundation, Helsinki, 
Finland. 


Received from the Children’s Hospital and the Department of 
Clinical Pharmacology, University of Helsinki, Finland. Accepted 
for publication September 21, 1987. 

Address correspondence to Dr. Maunuksela, Department of 
Anesthesiology, University of Helsinki, 00290 Helsinki, Finland. 


©1988 by the International Anesthesia Research Society 


complete initial analgesia was 5.2 + 2.8 pgikg buprenor- 
phine and 166 + 100 pg/kg morphine. The duration of 
effect was significantly longer with buprenorphine than 
with morphine, 248 + 314 and 114 + 109 minutes, 
respectively (P = 0.03). The most common side effects were 
nausea and vomiting (28 and 16%) and urinary retention 
(21 and 19%) in the buprenorphine and morphine groups, 
respectively. Analgesia with sublingual buprenorphine was 
as effective and reliable as with intramuscular morphine but 
a longer duration of action could not be demonstrated. 


Key Words: ANALGESICS—buprenorphine, 
morphine. PAIN, posrorpERATIvE—pediatric. 
ANESTHESIA— pediatric. 


The analgesics were initially given intravenously in 
the recovery room and, thereafter, on the ward 
sublingually (buprenorphine) and intramuscularly 
(morphine) until the third postoperative morning. 


Patients and Methods 


The study protocol was approved by the ethical 
committee of our institution. Sixty male or female 
children undergoing elective upper or lower limb 
orthopedic surgery (e.g., osteotomy, de-rotation, hip 
correction, Keller’s operation, or tendo-Achilles ex- 
tension), aged between 4 and 14 years and weighing 
between 13 and 60 kg whose parents had given 
informed consent, were included in the study. 

Children with muscular dystrophies, myopathy, 
cerebral palsy, severe hepatic or renal dysfunction, 
marked ventilatory impairment due to underlying 
respiratory disease, or increased intracranial pressure 
were excluded from the study, as were those unable 
to take a sublingual tablet. In addition, patients con- 
sidered to be poor anesthetic risks {i.e., not ASA class 
1 or 2) and those known to be sensitive to buprenor- . 
phine or morphine were excluded from the study. 

A randomized, double-blind, multiple-dose study 
design was used. Following orthopedic surgery, the 
patients received multiple doses as required of either 
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buprenorphine (3 ug/kg) or morphine (100 mg/kg) 
intravenously, while in the recovery room. After 
transfer to the ward, the patients received either 
sublingual buprenorphine (approximately 6 yug/kg) 
with an intramuscular placebo injection or intramus- 
cular morphine (150 ug/kg) with placebo sublingual 
tablet(s) as clinically indicated. Patients were studied 
up to the third postoperative morning. 

The active buprenorphine solution and sublingual 
tablets were provided by Reckitt & Colman, Pharma- 
ceutical Division (Kingston-upon-Hull, England) to- 
gether with placebo tablets manufactured to look 
identical to the active tablets. Morphine hydrochlo- 
ride (Morphin, Medica, Finland) was used as the 
IV/IM morphine preparation. The randomization and 
blinding was performed by the Pharmacy of the 
Helsinki University Central Hospital, where the 
study drugs were packed. 


Premedication and Anesthesia 


A standard premedication and anesthetic technique 
was used for all patients. This involved premedica- 
tion with flunitrazepam (0.1 mg/kg up to a maximum 
of 2.0 mg total) approximately 1.5 hours before sur- 
gery and administration of intravenous glycopyrro- 
late immediately before induction of anesthesia. In- 
duction was achieved with thiopental (2-4 mg/kg) 
with muscle relaxation using pancuronium as indi- 
cated. Patients were intubated and ventilated to nor- 
mocarbia with N,O/O, 7:3 with supplemental en- 
flurane given according to clinical signs. Reversal of 
muscle relaxation was achieved with standard doses 
of glycopyrrolate and neostigmine. The times of 
incision and completion of operations were recorded. 


Analgesic Therapy 


Personal analgesic packs containing ampules for in- 
travenous administration in the recovery room and 
ampules and sublingual tablets for use on the ward 
were issued to each patient by the hospital pharmacy. 
Ampules (3 ml) for use in the recovery room were 
identical in appearance and contained either bupre- 
norphine (0.3 mg/ml) or morphine (10 mg/ml). Am- 
pules (3 ml) for use on the surgical ward were 
identical in appearance and contained either mor- 
phine (10 mg/ml) or physiological saline. All sub- 
lingual tablets were identical in appearance and con- 
tained either 0.1 mg, 0.15 mg, or 0.2 mg 
buprenorphine, or were placebo. In order to maintain 
double-blind conditions, the placebo injections and 
placebo sublingual tablets, packed as single doses, 
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were included in the ward packs. Analgesic packs 
were allocated randomly so that half of the patients 
received buprenorphine and half received the mor- 
phine treatment. 

In the recovery room each patient received, ac- 
cording to clinical requirements, 0.01 ml/kg of their 
allocated analgesic intravenously (i.e., 3 ug/kg bupre- 
norphine or 100 wg/kg morphine). This was repeated 
every 5 to 15 minutes until the patient was free of 
pain and later repeated again if necessary. The pain 
was assessed by an observer (a member of the re- 
search group or a research nurse) from 0 (no pain) to 
9 (worst possible pain). The patient used a verbal 
4-point scale (0, no pain; 3, severe pain) and two 
different visual analog scales (6). Sedation was as- 
sessed on a 5-point scale from 0 (awake) to 4 (asleep). 
Additionally, a record was made of vital signs and 
any side effects. Assessments were made 5 and 15 
minutes after injection and every 15 minutes thereaf- 
ter until an additional dose of analgesic was consid- 
ered necessary by the observer. The same sequence 
of assessments were made after all further adminis- 
trations while in recovery room. The patient was 
returned to the ward after at least 2 hours, when calm 
and free of pain. 

On the surgical ward, analgesics were adminis- 
tered from the patient’s treatment pack according to 
clinical requirements and the time of each dose was 
recorded. Not more than six doses were administered 
during 24 hours. Each administration consisted of an 
intramuscular injection of either morphine (150 
pg/kg) or placebo and one or two sublingual tablets of 
either buprenorphine (approximately 6 ug/kg) or pla- 
cebo. Doses of sublingual tablets were given on a 
body weight basis according to the following sched- 
ule: Weight range (kg): sublingual tablets 


13-20 0.10 mg buprenorphine or 1 x placebo 
21-29 0.15 mg buprenorphine or 1 x placebo 
30-37 0.20 mg buprenorphine or 1 x placebo 
38-45 0.25 mg buprenorphine or 2 x placebo 
46-53 0.30 mg buprenorphine or 2 x placebo 
54-62 0.35 mg buprenorphine or 2 xX placebo 


The nurses recorded their impression of the test 
analgesic three times in 24 hours at the end of each 
shift and the investigator recorded the patient’s im- 
pression of the analgesic once daily in the morning. 
These assessments were on a S-point scale of very 
good (1), good (2), fair (3), poor (4), or very poor (5). 
Side effects were also recorded. If the test medication 
did not provide sufficient analgesia, the patient was 
withdrawn from the study and treated as necessary. 
A record of all other medications used during the 
immediate pre- and poststudy periods (including 
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Table 1. Demographic Data and Duration of Operation 
by Treatment Group 


Buprenorphine Morphine 


{n = 28) (n = 32) P Value 
Boys/girls 11/17 22/10 <0.05 
Age (vr) 10.4 + 3.2 99&&29 NS 
Weight (kg) DE k IPETO NS 
Height (cm) ly E22 136 + 21 NS 
Duration of operation (min) 109 £ 67 110 + 74 NS 


Results are number of patients and mean + sp. 


alternative analgesia if the patient was withdrawn) 
was made. Assessments on the surgical ward were 
performed from the operation day (Day 1) to the 
morning of the third postoperative day (Day 3). 


Statistical Analysts 


Statistical analysis was performed by using a Mann- 
Whitney U test and a x° test as appropriate. The 
mean doses for complete initial analgesia, analgesic 
consumption and the times of onset of analgesia 
together with the duration of analgesia were com- 
pared with the Student’s t-test for unpaired data. 
Two-way analysis of variance was used to compare 
body temperatures between the study groups and 
changes from the first measured value. 


Results 


A total of 60 patients were recruited into the study; 28 
were given buprenorphine, 32 received morphine. 
Although randomization did not result in 30 patients 
in each treatment group, the numbers were sufficient 
for statistical comparisons to be made between the 
two groups. Three patients entered the study on two 
separate occasions. Both entries of these patients 
have been included in the analysis because the inter- 
val between the entries was long and each patient 
received different treatments on the two occasions. 


Demography and Surgery 


The demographic data for the patients are summa- 
rized by treatment group in Table 1. Significantly 
more males were in the morphine group than in the 
buprenorphine group (P < 0.05). Analysis of the data 
for age, weight, and height showed no significant 
differences between patients in the treatment groups. 

Operations, mainly on the upper or lower limbs, 
were similar in the two treatment groups. There was 
no statistically significant difference between the two 
groups with respect to duration of surgery (Table 1). 
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Recovery Room 


The dose of each analgesic that was needed to pro- 
duce complete initial analgesia according to the ob- 
server, the time of onset of action as evaluated by the 
observer and the child, and the duration of effect are 
shown in Table 2. During the titration to complete 
initial analgesia 16/28 of the buprenorphine patients 
and 17/32 of the morphine patients fell asleep. The 
mean time of onset of complete initial analgesia as 
judged by patients who did not fall asleep was also 
calculated. The duration of effect of the initial dose 
was significantly longer with buprenorphine than 
with morphine (P = 0.029). The potency ratio of 
buprenorphine to morphine for complete initial anal- 
gesia was 31.5:1. 

The assessment of sedation showed most patients 
to be between “moderately drowsy” and “asleep” 
while in the recovery room. Buprenorphine produced 
significantly more sedation (P < 0.05) than did mor- 
phine during the first hour after each of the first 3 IV 
doses. 

systolic and diastolic blood pressures, heart rate, 
and ventilatory rate before the analgesic and on 
leaving the recovery room were compared. There 
were no changes in heart rates. The small but statis- 
tically significant decreases in the blood pressures (in 
buprenorphine group from 120/65 to 114/58 mm Hg, 
in morphine group from 121/68 to 114/61 mm Hg) did 
not differ between the treatments. Patients given 
buprenorphine had a greater decrease in ventilatory 
rate than did those given morphine, 32 and 10%, 
respectively (P = 0.0008). The changes were not of 
sufficient magnitude to cause clinical concern. Fol- 
lowing 6 g/kg of buprenorphine the ventilatory rate 
of one patient decreased gradually from 22 to 8 
breaths/min during 1 hour 45 minutes. Clinically the 
ventilation was judged to be adequate and the only 
action taken was to encourage the patient to breathe. 

There were only a few unwanted side effects in the 
recovery room. Two patients in the buprenorphine 
group and one in the morphine group had nausea 
and vomiting. Two children in the buprenorphine 
group were unduly drowsy and two in the morphine 
group had a rash, one of them locally along the vein. 


Surgical Ward 


The individual doses of sublingual buprenorphine 
varied from 5.0 to 7.1 ug/kg. The IM morphine dose 
was always 150 ug/kg. The mean (+ sp) total doses of 
the analgesics given on the ward on each day are 
shown in Table 3. The mean number of doses given 
each day on the ward was not statistically signifi- 
cantly different in the two groups. Patients given 
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Table 2. Characteristics of Buprenorphine and Morphine Given Intravenously by Titration in the Recovery Room 





Buprenorphine Morphine 
(n = 28) (n = 32) P Value 
Dose for complete initial analgesia (ug/kg) 9a t28 165 + 100 — 
Time of onset of complete initial analgesia 
By zhe observer (min) 11.8 + 7.6 (5 —35)* 16.1 + 12.2 (5 — 50)* 0.102 
By zhe patientt (min) 12.1 + 5.4 (5 — 20)* 31.7 + 34.3 (5 — 110)’ 0.047 
Duration of effect (min) 248.4 + 314.4 113.8 + 109.2 0.029 
Results are mean + sp. 
“Range. 
tNumber of patients awake in the buprenorphine {n = 12) and morphine (n = 15) groups. 
Table 3. Analgesic Consumption by Treatment Group and Buprenorphine-Morphine Potency Ratios 
Buprenorphine Morphine 
(g/kg) (ug/kg) Potency ratio 
(n = 28) (n = 32) (Buprenorphine/morphine) 
First Cay 
In the recovery room during 7.6 + 4.0 288 + 126 37.8: 1 
2 hours (IV) 
On the ward (SL/IM) 14.1 + 7.2 347 + 150 24.5:1 
Total 21.8 + 9.0 634 + 199 
Second day (SL/IM) 20.7 £ 8.3 515 + 219 24.9:1 
Third day (SL/IM) B9299 352 + 209 29231 
(n = 23) (n = 29) 


Results are mean + sp. 
SL, sublingual. 


buprenorphine received a mean of 2.3, 3.6, and 2.5 
doses and the morphine patients a mean of 2.3, 3.4, 
and 2.4 doses, on days 1, 2 and 3, respectively. 
During the 3 days, ten children receiving buprenor- 
phine reportéd on 17 occasions that their analgesia 
was poor or only satisfactory. In nine of these chil- 
dren, average to high total buprenorphine doses, 
compared with the mean doses, had been given 
(17.2-37.5 ug/kg); in one child the dose was low (10.0 
g/kg). Eleven of the 32 children given morphine 
considered the analgesic therapy to be only satisfac- 
tory or poor on 17 occasions. In seven of these cases 
the daily morphine dose given (150-450 ug/kg) was 
lower than the mean daily dose. 

The majority of patients in both treatment groups 
completed the study. The most common reason for 
early withdrawal was insufficient analgesic effect 
(three buprenorphine patients; one morphine 
patient). One patient in both study groups had to be 
withdrawn because of their reluctance to accept in- 
jections. 

The three daily nurses’ assessments of the postop- 
erative analgesia generally compared favourably with 
those of the patients’ assessments. However, there 
were three children in the buprenorphine and five in 
the morphine group who did not consider their 
analgesic therapy good, although the nurse did. On 
the other hand, in four cases in the buprenorphine 


group and five in the morphine group in which 
unwanted effects were reported, the nurse consid- 
ered the analgesic therapy only satisfactory or poor 
although the child rated it good. 

Unwanted side effects reported during the study 
on the surgical ward are summarized in Table 4. the 
most common were nausea and/or vomiting and 
urinary retention. There were no statistically signifi- 
cant differences in the incidence of side effects be- 
tween the groups. No patient needed to be with- 
drawn from the study because of side effects. 

A number of patients were given antipyretic anal- 
gesics (aspirin, two; paracetamol, nine; indometh- 
acin, one) during the study for the treatment of fever 
>38.5° in ten cases and headache in two cases. 
Significantly more patients in the morphine group 
(11) than in the buprenorphine group (1) received 
these drugs (P < 0.05). Pain relief scores of these 11 
children in the morphine group were equal to the 
scores of the whole morphine group as well as their 
morphine consumption, 600, 518, and 375 ug/kg on 
the first, second, and third day, respectively. Record- 
ing of the body temperature was not part of the study 
protocol but is a routine in surgical postoperative 
patients. The morning and evening temperatures 
were analyzed together with frequency of use of 
antipyretics, if any. The mean body temperature in 
the morphine group was higher than that in the 
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Table 4. Unwanted Side Effects 


serernanee indu 


Buprenorphine Morphine 

(n = 28) (i = 32) 
Vomiting/nausea 8 5 
Micturition difficulties/urinary 6 6 

retention 

Drowsiness 2 0) 
Confusion l i 
Dizziness fi 0 
Headache 1 2 
Bad dreams 0 1 
No side effects 13 19 


buprenorphine group throughout the study period 
(Table 5). According to the two-way analysis of 
variance, the temperature increase from the first 
value was highly significant as well as the difference 
between the study groups. 


Discussion 


In recent years the undertreatment of children’s pain, 
including postoperative pain, has been reported from 
several centers (1,2), and it has been pointed out that 
education of nurses and pediatric surgeons on this 
topic is neglected (7). However, discovery of the 
problem does not necessarily result in an improve- 
ment of the situation. Children do not approve of the 
same kind of analgesic therapy as do adults. On the 
other hand we have very few pharmaceutical prepa- 
rations to offer to children. Tablets and suppositories, 
designed for use in adults, make it difficult to give 
accurate doses in small children. Very little has been 
reported on the efficacy and safety of narcotic and 
antipyretic analgesics when used postoperatively for 
children. 

One of the major difficulties is the reluctance of 
children to accept injections. Continuous IV infusion 
of morphine cannot be considered safe outside the 
recovery room or intensive care unit. The short 
duration of effect of meperidine and morphine de- 
mands six to eight intramuscular injections per day to 
control severe postoperative pain. Thus an analgesic 
with a longer duration of action could be advanta- 
geous in children. Single doses of intramuscular 
buprenorphine have been used in children for post- 
operative analgesia (8) and have been compared with 
caudal analgesia after circumcision (9). Sublingual 
buprenorphine has been used as premedication for 
children undergoing adenoidectomy and/or tonsillec- 
tomy (10). There are also preliminary reports on the 
use of buprenorphine for cancer pain in children (11). 
Generally buprenorphine has been accepted well and 
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the incidence of unwanted effects has been low 
except after circumcision, in which case 52% of the 
buprenorphine patients vomited (9). Postoperatively 
as well as when used for management of cancer pain 
the impression has developed that buprenorphine 
has a long duration of action. However, when bupre- 
norphine was given intravenously by titration for 24 
hours after thoracotomy, it did not have a longer 
duration of action than did morphine (3). 

The randomization performed by the pharmacy of 
the Helsinki University Central Hospital did not 
result in equal distribution of the sexes of the children 
in the two groups in this study. Although there are 
some reports on different coping strategies for deal- 
ing with pain in boys and girls (12), we have not been 
able to show cifferences in the quantity or complaints 
of pain between Finnish boys and girls participating 
in our earlier analgesic studies (6). 

Assessing children’s pain poses more problems 
than does pain assessment in adults (13). The devel- 
opmental state of voung children does not permit 
them to express their suffering verbally. In all age 
groups children regress when they are hospitalized 
and are confronted with severe postoperative pain. 
They may refuse to speak and they only cry until a 
reasonable amount of pain relief has been given. 
Although children in the present study were well 
prepared for the operation and the analgesic study, 
their cooperation often failed in the recovery room. 
Therefore, we found it necessary to develop a reliable 
method for clinical observation of children in acute 
pain. It has been shown to correlate well with the 
child’s own comments in all age groups (6). In the 
present study half of the patients fell asleep during 
the initial titration to complete analgesia and could 
not give their personal comment until later. 

In the recovery room both treatments in the 
present study provided effective analgesia with a 
rapid onset of action when given intravenously. The 
potency ratio of buprenorphine to morphine 31.5:1, 
the longer duration of effect of the initial analgesic 
dose together with total drug consumption during 
the first 2 hours in the recovery room agree with the 


always possible to distinguish sedation from analge- 
sia when observing children. Thus the greater seda- 
tive effect of buprenorphine might have been mis- 
taken for analgesia in children who fell asleep. 

Low respiratory rates have been reported after the 
use of buprenorphine (3,8,14,15). Tidal volume, how- 
ever, is usually large and the clinical picture is not 
generally judged to represent significant ventilatory 
depression. A typical feature is the slow decrease of 
the ventilatory rate over hours. Watson et al. (16) did 
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Table 5. Body Temperature (°C) During the Study Period by Treatment Group 
Third 
postoperative 
Evening of the First postoperative day Second postoperative day | day 
operation Morning Evening Morning Evening Morning 
Buprenorphine 37.4 + 0.8 37.3 + 0.5 37.7 + 0.6 37.4 + 0.6 37.4 + 0.6 36.9 + 0.6 
Morphine 37.5.2 0.7 37.6 + 0.5" 38.1 + 0.5ł 37.9: 0.7 37.7 + 0.7 37.1 + 0.6 


Results are mean + sp. 


Compared to buprenorphine group (Student’s t-test), *P = 0.019; tP = 0.012. 


not see any reduction toward normal levels of arterial 
Pco, for 3 hours after single IV doses of buprenor- 
phine comparable to those used in this study for 
titration to complete initial analgesia. It is important 
to be aware of the danger of delayed ventilatory 
depression, especially in association with use of pa- 
renteral buprenorphine (3,15). Postoperative pulmo- 
nary function measurements did not differ between 
patients using 6-hourly sublingual buprenorphine or 
intramuscular morphine (17). 

The long duration of action of buprenorphine 
documented in some adult studies (14,16,17) could 
not be demonstrated with the sublingual dosing on 
the ward in this study. In both study groups there 
were children who needed an analgesic every 4 to 5 
hours. This agrees with the results reported by Risbo 
et al. in adult orthopedic patients (5). As a partial 
narcotic agonist buprenorphine has a ceiling effect 
that might be reached with the severe pain after 
extensive orthopedic surgery. Children generally ex- 
pect the medication to abolish pain completely. If this 
does not happen, they consider the analgesia inade- 
quate and ask for an additional dose. It has been 
shown that after sublingual buprenorphine, peak 
blood concentrations and analgesic effect are reached 
slowly in 2 to 3 hours (17). When the effect starts late 
the child probably does not associate the pain relief 
with the analgesic tablet. It is important to give a 
tablet to a child early when the pain starts. It might be 
advantageous to give sublingual buprenorphine pro- 
phylactically. However, this might lead to drowsi- 
ness and ventilatory depression in some patients 
because of the large individual variation in the need 
of narcotic analgesics (3,15). 

In this study the potency ratio of sublingual bu- 
prenorphine to intramuscular morphine was consis- 
tently around 25:1, which is considerably lower than 
the ratio of the intravenous drugs in this and in our 
previcus study (3). Together with the daily drug 
consumption it agrees well with the ratio of sublin- 
gual buprenorphine to intramuscular morphine given 
. for pain after cholecystectomy in adults (4). 

The incidence of unwanted side effects in the 
present study was low but qualitatively similar to 


those reported in adult studies and was the same 
with both drugs. Nausea was not considered to be a 
problem because it was transient except in one child 
receiving buprenorphine, who was nauseated 
throughout the whole study period. Nausea was not 
associated with high doses of morphine or buprenor- 
phine. 

Twenty percent of the children participating in the 
study had difficulty in voiding and/or urinary reten- 
tion for several days or throughout the study period. 
Most of them had to be catheterized. Every patient 
with urine retention had had high daily doses of 
buprenorphine or morphine (= 24.4 or 670 ug/kg on 
the first and second days, 21.3 or 600 ug/kg on the 
third day, respectively). To avoid this kind of com- 
plication, it might be advantageous to combine anti- 
inflammatory analgesic agents with narcotics for or- 
thopedic postoperative analgesia instead of 
increasing the narcotic dose (18). 

Antipyretics were administered significantly more 
often to children given morphine than in those given 
buprenorphine. The medical background or. the op- 
erations performed cannot explain the higher inci- 
dence of fever in the morphine group. Sweating 
reduces body temperature but sweating has not been 
reported to be more common with buprenorphine 
than with morphine (14,17), and was not reported in 
any patient in this series. The greater sedative effect 
of buprenorphine could contribute to maintaining the 
low body temperature. We are not familiar with 
reports on the effects of buprenorphine on thermoreg- 
ulation. Although it has been shown that antiinflam- 
matory agents given regularly significantly improve 
postoperative analgesia (18), single doses of antipy- 
retics probably have not markedly influenced the 
evaluation of the analgesic effects of the drugs used in 
the present study. 

On the surgical ward 18/28 and 21/32 of the chil- 
dren given buprenorphine or morphine assessed the 
analgesic treatments to be “good” or “very good” on 
each day of the study with no significant differences 
between treatments. Why children did not consider 
the analgesic therapy good included insufficient or 
too brief analgesic effects and reluctance to accept 
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frequent injections. One patient in both treatment 
groups was withdrawn because of fear of injections. 
One patient given morphine and three given bupre- 
norphine were withdrawn from the study because of 
insufficient analgesic effect. Not more than three 
children given buprenorphine regarded the therapy 
only satisfactory because of unwanted effects. Prob- 
ably the children could not always associate un- 
wanted effects with the analgesic treatment. Un- 
wanted effects seem to have influenced the nurses’ 
scores more often than the children’s scores. 

Overall this study showed that both of the meth- 
ods for treatment that were studied provided safe 
and effective analgesia for children after orthopedic 
surgery. There were no clinically important differ- 
ences between the two treatment regimes studied. 
Given the equality of effectiveness of both drugs, the 
principal consideration becomes, the route by which 
drugs are given for relief of postoperative pain. The 
present work demonstrates that after initial intrave- 
nous titration of analgesia in recovery, patients could 
then be maintained equally on either morphine by 
injection or buprenorphine using sublingual tablets. 
Injections are often an inconvenience to nursing staff 
and they are usually disliked, and occasionally re- 
fused, by children. Sublingual. buprenorphine there- 
fore appears to represent an appropriate alternative 
to morphine injection. 
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Atracurium and vecuronium were compared when given 
alone and in combination in the in vitro rat phrenic 
nerve-hemidiaphragm preparation stimulated via the 
phrenic nerve. The slopes of the log dose response curves of 
atracurium and vecuronium were parallel; their ED sg, were 
1.12 + 0.0035:10-° M and 5.89 + 0.16:10~° M, respec- 
tively. The combination’s log dose response curves were 
significantly shifted to the left when compared with those of 
either relaxant alone; an increased potency is displayed by 
the combination. These observations indicate nondepolariz- 


A number of studies indicate deviations from the 
predicted behavior of competitive neuromuscular 
blocking agents when administered alone or in com- 
bination (1-3). Based on the assumption that compet- 
itive kinetics are applied at a single receptor site, two 
neuromuscular blocking agents when mixed should 
interact in an additive manner (3). However, nonde- 
polarizing muscle relaxant synergy has been demon- 
strated in vivo and in vitro for combinations of equal 
proportions of pancuronium and d-tubocurarine or 
pancuronium and metocurine (1-3). This synergy is 
consistent with hypotheses of multiple receptor sites 
and different intrinsic activity of the neuromuscular 
blockers at the neuromuscular junction (2,4). Results 
of the two in vivo studies on the effects of combina- 
tions of vecuronium and atracurium have been con- 
tradictory (5,6). Synergy was demonstrated for their 
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ing muscle relaxant synergy for the combination of equal 
proportions of vecuronium and atracurium. The synergistic 
interaction of vecuronium and atracurium in this in vitro- 
model is not dependent on pharmacokinetic factors such as 
uptake, distribution, and biodegradation as are present in 
the in vivo animal models and in humans. Synergy of 
vecuronium and atracurium in vitro is a new finding and is 
consistent with hypotheses of multiple receptor sites and 
different modes of action of the “competitive” neuromuscu- 
lar blocking agents. This degree of synergy, seen in the in 
vitro animal data, if extrapolatable to humans, is probably 
of little clinical significance. 


Key Words: NEUROMUSCULAR RELAXANTS— 
vecuronium, atracurium. 


combinations in humans (5), whereas no evidence for 


relaxant synergy was found in the in vivo rat model 


(6). Combinations of atracurium and vecuronium have 
not been studied in an in vitro model, which precludes 
a number of pharmacokinetic factors presentin in vivo 
models. We investigated, therefore, the relaxant ef- 
fects of atracurium and vecuronium, and those of their 
combination, in equal proportions, in the in vitro 
isolated phrenic nervehemidiaphragm preparation 
(7). Because of the presumed stereochemical similarity 
of vecuronium to pancuronium (8) and the potential 
stereochemical similarity of atracurium to metocurine 
(9), it appeared attractive to test the hypothesis that a 
combination of vecuronium and atracurium could pro- 
duce synergy in the rat phrenic nerve-hemidiaphragm 
model. 


Materials and Methods 


Sprague-Dawley rats, weighing between 180 and 
230 g, were decapitated and the left hemidiaphragms 
with 3 cm of their accompanying phrenic nerves were 
dissected and transferred to Petri dishes containing 
oxygenated Krebs solution at room temperature. The 
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thoracic wall was closely trimmed to the insertion of 
the diaphragm, which created a 1.5-cm wide base. 
The preparations were attached to carrier assemblies 
with stainless steel hooks through their bases and 
nonstretchable suture material through their central 
tendon, which was connected to an isometric force 
transducer (Harvard Bioscience, Natick, MA). The 
preparations were placed in identical organ baths of 
50-ml capacity containing a modified Krebs solution 
aerated vigorously with carbogen (5% carbon dioxide 
in 95% oxygen) and maintained at 36-36.5°C. The 
electrolyte composition, in mM L, was: Na* 143, C17 
129, K* 5.9, Ca** 3.3, Me** 1.2, HCO,” 25, H,SO,77 
1.2, HPO; 1.2, glucose 11.1. The partial pressures of 
oxygen (Po), carbon dioxide (Pcoz), and the electro- 
lyte values were measured at least once during each 
experiment. The Pco,, the pH, and the Po, values 
ranged from 30-40 mm Hg, 7.32-7.40 and 640-690 
mm Hg, respectively. Preceding the mounting of the 
preparations on the transducers, a two-point calibra- 
tion with static loads was performed. Basal muscle 
tension was maintained at 2 g. The hemidiaphragms 
were stimulated indirectly with a Grass 588 stimula- 
tor (Grass Instruments Co., Quincy, MA), using 
supramaximal square wave stimuli of 0.2 msec dura- 
tion at a frequency of 0.15 Hz. The resultant muscle 
force (twitch) was isometrically transduced through 
capacitance semiconductor transducers (Harvard Bio- 
science, South Natick, MA) and recorded on a Gould 
Brush 2400 recorder (Gould Instruments, Inc., Cleve- 
land, OR). 

Each preparation was allowed to stabilize for at 
least 30 minutes until a stable twitch height resulted. 
Adjustments to basal muscle tension were made 
before the administration of each relaxant dose. 
Thereafter, the preparations were again allowed to 
stabilize before the muscle relaxant was adminis- 
tered. We rejected preparations that failed to develop 
a minimum of 20 g force at a basal tension of 2 g. All 
preparations were pretreated with a mixture of vecu- 
ronium and atracurium before the start of the single 
dose-response curves (SDRC). Pretreatment of this in 
vitro preparation reduces the variability of response 
to the subsequently administered relaxant (especially 
the response to the first dose); it results in a greater 
predictability of the subsequent responses. Three 
wash periods of 5 minutes preceded each dose ad- 
ministration. The relaxants were administered from 
precision microliter syringes (Hamilton, Co., Reno, 
Nevada) to a maximum of 146 pL, so that the final 
volume of the bath changed by no more than 0.3%. 
Stock solutions were prepared from the commercially 
available preparations (vecuronium: Organon Inc, 
West Orange, NJ; atracurium: Burroughs-Wellcome, 
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Chapel Hill, NC) and were stored at 4°C before and 
during the experiments. Final dilutions were pre- 
pared using double deionized water just before each 
experiment. 


Experimental Design 


The experiment consisted of two parts. Part one 
served to establish an equipotent basis for compari- 
son, the dose equivalent unit or DU. The dose equiv- 
alent unit permits the construction of dose response 
curves in DUs of relaxants with dissimilar absolute 
dose response curves and thereby allows for compar- 
isons of these dissimilar relaxants on the same arbi- 
trary scale. Three SDRCs per preparation were con- 
structed for each relaxant. This procedure was 
repeated on six different preparations for each relax- 
ant. Each SDRC consisted of three doses which were 
preceded by three wash periods of 5 minutes and 
basal tension adjustment as described above. Prelim- 
inary experiments showed minimal accumulation of 
the drug with this wash-out technique. The maxi- 
mum stable depression of twitch height after a dose is 
expressed as a percentage reduction of the twitch 
height immediately preceding that dose. The maxi- 
mum depression was usually reached after 5-10 min- 
utes and was present for at least 1 minute before the 
measurement took place. The concentration required 
to depress twitch height by 50%, the EDs, was 
calculated for each SDRC from linear regression anal- 
ysis. The 18 ED;5os (six preparations times three rep- 
licates per preparation) of the SDRCs for each relax- 
ant were averaged and were defined as one dose 
equivalent unit or one DU for that relaxant. 

In the second part of the experiment, three SDRCs 
on each preparation were constructed, one for vecu- 
ronium, one for atracurium, and one for their combi- 
nation. The nerve diaphragm preparations were pre- 
treated, washed, and allowed to stabilize as described 
above. Then for each preparation, the SDRCs, in DU, 
to atracurium, vecuronium, and their combination, in 
equal proportion, were constructed. Each SDRC con- 
sisted of three doses in the range of 0.5 to 1.65 DU of 
each relaxant or their combination. Equal proportions 
of vecuronium and atracurium (in DU) were admin- 
istered simultaneously to the bath to arrive at ‘the 
appropriate dose range of the combination in DU. 
Three 5-minute wash periods and basal tension ad- 
justment preceded each dose. The order of the re- 
spective relaxants (vecuronium, atracurium, or their 
combination) and the dose levels (a high, intermedi- 
ate, and low dose) were randomized for a total of 18 
test preparations. The stable depression of twitch 
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height after a dose is expressed as before and it was 
usually reached after 5-10 minutes and lasted at least 
1 minute before measurement. 


Statistical Analysis 


The EDz9s, slopes and the coefficients of determina- 
tion (R°) of the log dose-response curves were calcu- 
lated from linear regression analysis on the basis of 
the three responses between 20 and 80% twitch 
height depression for atracurium, vecuronium, and 
their combination (10). The same analysis was used to 
derive the overall EDs 9s in the preliminary experi- 
ment to establish the dose equivalent unit. The intra- 
preparation ED. 9s and slopes of the SDRCs of atra- 
curium, vecuronium, and their combination in the 
second part of this study were compared using re- 
peated measures analysis of variance (RM-ANOVA) 
(11). This analysis is used to compare the effects of 
three (or more) treatments (relaxants) for the re- 
sponses (twitch) of the same experimental subject 
(12). The RM-ANOVA produces an overall F-statistic 
for which the significance is reported. Furthermore, 
pairwise multiple comparisons (Scheffe) between the 
treatment groups report which of the three treat- 
ments (atracurium, vecuronium, and their combina- 
tion) differ significantly from one another. Using the 
RM-ANOVA, the effects of experimental and biolog- 
ical variation between preparations are reduced by 
intrapreparation comparisons within the treatment 
group. 

Vecuronium, atracurium, and the combination 
were presented in three possible positions of order 
(that is the first, second, or third SDRC on a prepa- 
ration) in the 18 different preparations. The effects of 
order on the EDs and slopes of the individual 
relaxants were evaluated by interpreparation compar- 
ison using analysis of variance (ANOVA). When 
multiple comparisons were made, Scheffe’s correc- 
tion was applied. The coefficients of variation of the 
EDs were calculated for each relaxant in each order. 


Results 


The first part of the experiment served to establish 
the overall Eds 9s for vecuronium and atracurium; 
these were 5.89 + 0.16:107° M and 1.12 + 0,0035-10° 
M, respectively. The EDs os served as the equipotent 
dose equivalent units (DU), the basis for comparison 
of atracurium and vecuronium in the second part of 
the experiment. 
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Table 1. Mean ED.,s, Slopes, and R? of the 
Dose-Response Curves for Atracurium, Vecuronium, and 
their Combination on 18 Preparations 


Relaxant EDsp + SE Slope + sE R? 
Vecuronium 1.07 + 0.03 187 + 9 0.97 
Atracurium 1.07 + 0.04 188 + 11 0.97 
Combination 0.97 + 0.03* 185 + 8 0.95 


“Repeated measures sis of variance indicated an overall significant 
(P < 0.01) difference with a F test of 5.0. Pairwise comparison (Scheffe) 
demonstrated a significant difference (P < 0.04) between ED,y3 of combina- 
tion and those of atracurium and vecuronium. The mean slopes among the 
three relaxants did not differ significantly. 


The results of the second part are listed in Tables 1 
and 2. A graphic summary indicates the mean dose 
response lines for the 18 SDRCs of vecuronium, 
atracurium, and their combination on the 18 prepa- 
rations, see Figure 1. The results can be summarized 
as follows. The fits of the regression lines for the 
SDRCs had mean coefficients of determination (R’) 
for atracurium of 0.98 (range 0.81 to 0.99), for vecu- 
ronium of 0.98 (range 0.87 to 0.99), and for the 
combination of 0.96 (range 0.75 to 0.99). The result of 
the RM-ANOVA of the slopes demonstrated an over- 
all insignificant F statistic, i.e., no significant differ- 
ences among the slopes of atracurium, vecuronium, 
or their combination, were observed. The RM- 
ANOVA of the ED.,s indicated an overall significant 
(P < 0.01) F statistic. Pairwise multiple comparisons 
(Scheffe) demonstrated that the ED.s of vecuronium 
and atracurium did not differ significantly (P < 0.05), 
but that the EDs of atracurium and vecuronium 
each differed from the ED.,s of the combination (P < 
0.04). The SDRCs of the combination of vecuronium 
and atracurium demonstrated a shift to the left in a 
parallel fashion; thus the combination is more 
“potent” than expected on the basis of either relaxant 
alone when administered in the same equipotent 
DUs. 

Analysis of variance of the EDsos of the individual 
muscle relaxant demonstrates that from the first to 
the third order, the mean EDszgs decreased for all 
drugs. However, it was only in the case of vecuro- 
nium that a significant reduction was obtained from 
the first order exposures to those of the second and 
third order, (P < 0.03 and <0.01, respectively). The 
results are listed in Table 2. The slopes of the SDRCs 
of vecuronium, atracurium, and their combination 
did not change significantly with order (ANOVA). 
The coefficients of variation of the EDs s ranged from 
8 to 12% in the first, from 11 to 12% in the second, 
and from 8 to 13% in the third SDRC. 
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Table 2. Results of the ANOVA of Order on the ED,,s for Vecuronium, Atracurium, and their Combination 


1st Order 2nd Order 
(EDs) + SE) (EDso + SE) 
Vecuronium 1.21 + 0.05 1.02 + 0.05 
Atracurium 1.19 + 0.06 1.03 + 0.05 
Combination 1.02 + 0.04 1.00 + 0.05 


Muscle relaxant 


3rd Order Overall 

(ED5, + SE) P value F test 
0.98 + 0.08 0.005 7.8" 
0.99 + 0.05 0.06 3.5 
0.90 + 0.04 0.16 2.0 


“By pairwise multiple comparisons according to Scheffe’s method, the 1st order exposures differed significantly from thcse in the 2nd and 3rd order at the 
97 and 99% level, respectively. There are six preparations per relaxant for each order. 
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Figure 1. Graphic summary of the mean single dose-response 
curves for vecuronium, atracurium, and their combination is 
displayed for the responses between 20 and 80% twitch depres- 
sion. The percentage depression of twitch height (as a fraction of 
control twitch height) is given on the ordinate. The log-dose, given 
in dose units, is plotted on the abscissa. The mean standard errors 
for three response points of the 18 single dose-response curves for 
each relaxant and their combination are displayed. The ED.9s of 
the combination are significantly different (P < 0.04) from those of 
vecuronium and atracurium as determined by pairwise compari- 
sons. There is a shift to the left of the dose response curves for the 
combination, i.e., synergy is displayed. The slopes of the dose- 
response curves of vecuronium and atracurium are not signifi- 
cantly different. The dose response curves of atracurium and 
vecuronium overlap. 


Discussion 


The results of this study demonstrated nondepolariz- 
ing muscle relaxant synergy for the combination of 
vecuronium and atracurium, when combined in 
equal equipotent proportions in an in vitro nerve 
muscle preparation at low rates of stimulation. Syn- 
ergy of the combination of vecuronium and atracu- 
rium in an in vitro model is a heretofore unreported 
finding. Synergy of a combination is defined as a 
response to the combination that is more than ex- 
pected on the basis of the sum of the presumed 
equipotent doses of the individual muscle relaxants 
(3). Nondepolarizing relaxant synergy has previously 
been demonstrated for pancuronium, alcuronium, 
and gallamine when combined with either d-tubocu- 
rarine or metocurine in vivo and in vitro (1,2,3,13,14). 
Vecuronium bromide, a pancuronium analog, has an 
affinity for the postjunctional receptors similar to that 
of pancuronium (8). Recently, distinct prejunctional 
receptor effects have also been demonstrated for 


vecuronium (15). Stereochemically, vecuronium is 
closely related to pancuronium; however, it is unsta- 
ble at physiologic pH at 36.5°C and undergoes meta- 
bolic conversion to relatively inactive metabolites 
(16). Like pancuronium, vecuronium displays syn- 
ergy when combined with d-tubocurarine in humans 
(17), whereas it shows additivity in combination with 
pancuronium (18). Atracurium’s structure is of a 
unique class (19). It is unstable under conditions of 
physiologic pH and temperature and undergoes 
spontaneous degradation (20). Stereochemically, its 
conformational state may resemble that of metocu- 
rine (9). Atracurium’s action in the neuromuscular 
junction is probably predominantly at the postjunc- 
tional receptor complex with little nerve terminal 
effects (21). 

Combinations of atracurium and vecuronium in in 
vivo models either produced no evidence for devia- 
tions from additivity in the rat (6) or demonstrated 
synergy in humans (5). Black et al. (5) studied com- 
binations of atracurium and vecuronium of different 
equipotent doses (EDS, — 498, — 605, —goS) in healthy 
humans about to undergo elective surgery. Using a 
single dose-response technique and the evoked elec- 
tromyogram (EMG) as an indicator of neuromuscular 
blockade, they demonstrated nonparallel dose re- 
sponse curves for vecuronium and atracurium as well 
as synergy for the equipotent combinations of vecu- 
ronium and atracurium, except for the estimated 
EDs, which did not reach statistical significance. 
Demonstration of synergy for the combinations of 
vecuronium and atracurium in our in vitro model is in 
agreement with the findings of Black et al. (5). An 
inspection of the slopes of the SDRCs of vecuronium 
and atracurium in this in vitro model, however, 
demonstrates no significant differences among them. 
Discrepancies between the in vivo human study by 
Black et al. and this in vitro study may be due in part 
to different methodology and analysis in addition to 
the different experimental subjects used. Quantiza- 
tion of the relaxant effect in the human study was - 
achieved using the evoked EMG technique as op- 
posed to the evoked muscle twitch technique. In their 
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study, one relaxant dose-response was obtained per 
human subject, whereas repeated single dose- 
responses for both relaxants and their combination 
were obtained in-each nerve muscle preparation in 
the present study. The latter approach permits intra- 
subject comparisons versus intersubject comparisons 
in the human study. 

synergy of vecuronium and atracurium in this in 
vitro rat phrenic nerve hemidiaphragm model is in 
contrast with the findings of Booij et al. (6). They 
demonstrated additivity and parallel dose-response 
curves for all the relaxant combinations tested includ- 
ing pancuronium, d-tubocurarine, vecuronium, and 
atracurium. In their in vivo rat sciatic nerve tibialis 
muscle model, cumulative dose-response curves 
were constructed using indirectly stimulated muscle 
twitches to quantify relaxation. Additional cumula- 
tive doses of the relaxants were administered after 
only two consecutive twitches had the same reduced 
height. Lack of a steady state of the relaxants at the 
neuromuscular junction may result in underestimat- 
ing the relaxant effect as well as the presence and 
degree of synergy or antagonism. The same experi- 
mental procedure was followed for all relaxants, 
regardless of differences in degradation of the respec- 
tive relaxants over time as illustrated by the difference 
in stability between pancuronium and atracurium. 
Further differences with the current study may stem 
from the construction of one cumulative dose re- 
sponse curve për subject and subsequent interanimal 
comparisons. Using the one-way analysis of variance, 
differences in drug effect may not be detected in a 
small number of experiments due to interanimal 
variation. Dose-response relations were calculated 
using the “normal probability integral” model which 
includes the 100% response points, whereas linear 
regression analysis of the responses between 20 and 
80% was used in the current study (22,10). Inclusion 
of the 100% response points may cause generally 
flattened dose-response curves with nondistinct 
slopes. Isobolograms were constructed from calcu- 
lated (rather than measured) values derived from few 
experiments, thus potentially underestimating devi- 
ations from the isoboles (23). Their findings are at 
variance with a number of other studies. For exam- 
ple, synergy for the combination of pancuronium and 
d-tubocurarine has consistently been demonstrated 
in vivo and in vitro in different animals as well as in 
humans (1-3). Further discrepancies may have arisen 
from the type of preparation (sciatic nerve-tibialis or 
ulnar nerve-hypothenar muscle versus phrenic 
nerve-hemidiaphragm) and the type of experiment 
(in vivo versus in vitro). The in vivo models include 
pharmacokinetic considerations of the intact subjects 


VAN DER SPEK ET AL. 


such as uptake, distribution, nonspecific binding, 
and (bio-) degradation of the relaxants. The isolated 
nerve-muscle preparation excludes a number of these 
pharmacokinetic considerations. 

The presence of synergy in this in vitro neuromus- 
cular preparation provides further evidence against 
differences in competitive nonspecific protein bind- 
ing (24) or alterations in tissue blood flow (14) as the 
predominant factors responsible for the observed 
synergy in the in vivo models. (Bio-)degradation of 
vecuronium and atracurium at physiologic pH and 
temperature occurs in the muscle bath; however, this 
is unlikely to lead to the synergistic effect. Pharma- 
cokinetic factors such as the potentially different 
diffusion rates of atracurium and vecuronium in the 
synaptic cleft or differences in affinity and dissocia- 
tion constants cannot be excluded in this model. 
However, these (sub-) synaptic pharmacokinetic fac- 
tors can be assessed by voltage clamp techniques of 
the neuromuscular junction (25), while their influ- 
ence can be described and predicted by computer 
models (25,26). Antagonism of neuromuscular block- 
ing agents has been postulated in the presence of one 
postjunctional receptor type (27). When acetylcholine 
receptor ligands with greatly differing affinities such 
as hexamethonium and d-tubocurarine are present, 
antagonism of their combinations can be demon- 
strated (25). It is assumed in the latter model that 
each postjunctional receptor channel is controlled by 
two acetylcholine receptor sites, both of which need 
to be occupied simultaneously with acetylcholine 
molecules for the channel to be fully functional (25). 
A synergistic effect of two neuromuscular blocking 
agents of similar affinities, administered in equipo- 
tent doses, has not yet been demonstrated in this 
system of one type of postjunctional receptor. 

The classical view of neuromuscular transmission 
holds that the failure of transmission in the presence 
of “competitive” neuromuscular blocking agents oc- 
curs by the selective occupation of the acetylcholine 
receptors located at the end plate region of the muscle 
membrane (28). Synergy of atracurium and vecuro- 
nium in this model is a deviation from simple com- 
petitive kinetic interactions at a single receptor site 
(3). We interpret the synergistic interactions of vecu- 
ronium and atracurium to be consistent with theories 
of multiple receptor sites and different intrinsic activ- 
ities of the nondepolarizing neuromuscular blocking 
agents. Potential sites include pre- and postjunctional 
acetylcholine receptors (29,30) and their ionic chan- 
nels (31). Differences in receptor and channel block- 
ing capabilities have not yet been demonstrated for 
atracurium and vecuronium. Vecuronium and/or 
atracurium may modulate the mobilization and re- 
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lease of acetylcholine by acting on the nerve terminal 
membrane akin to the postulated actions of d- 
tubocurarine (32). The recent demonstration of pre- 
junctional effects of vecuronium (15), the relatively 
minor prejunctional effects of atracurium (21), and 
the observation of nondepolarizing relaxant synergy 
in this study are consistent with and support hypoth- 
eses of multiple receptor sites. The contribution of the 
nonclassical sites to neuromuscular transmission and 
neuromuscular blockade in vivo is unknown. These 
sites, however, are proposed to be active during 
neuromuscular transmission at physiologic rates of 
stimulation and are implicated in the inhibition of 
neuromuscular transmission by the competitive neu- 
romuscular inhibitors (30). The results of this study 
are consistent with these hypotheses. 

The order of exposure represents the effects of 
metabolic and mechanical changes of the preparation 
over time, drug carry-over, preceding drug exposure, 
etc. and, therefore, it may significantly affect the 
ED;os, slopes, or other parameters of the experiment. 
The lack of a significant order effect on the ED, s of 
atracurium and the combination is, in part, probably 
due to the randomized single dose-response design 
as opposed to a cumulative design as used by Waud 
et al. (3). Pretreatment of an in vitro preparation 
reduces the variability of response to the subsequent 
administration of the relaxant (especially the first 
dose) and results in a greater predictability of the 
response. The consistent coefficients of variation sup- 
port this observation. However, pretreatment may 
alter other characteristics of the preparations or drugs 
under study, e.g., if one were to study the interani- 
mal variability of response to a single dose of drug 
this method may underestimate such variability. 

From a clinical point of view, the anesthesiologist 
has to be able to decide whether there is an advantage 
in the use of the combination of atracurium and 
vecuronium. If significant synergy were present, 
then relatively small amounts of the combination of 
both agents could lead to a more profound neuromus- 
cular blockade than expected on the basis of either 
agent alone. A reduction of the potential dose-related 
side effects, as has been demonstrated for the combi- 
nations of metocurine and pancuronium, could thus 
be achieved (33). Another potential benefit of this 
synergistic combination may be a reduction in the 
duration of the block when compared with the dura- 
tion of equipotent doses of either agent alone. The 
degree of synergy displayed by the combination of 
atracurium and vecuronium in this in vitro model 
appears to be of a lesser magnitude than that dem- 
onstrated by combinations of pancuronium with me- 
tacurine or pancuronium with d-tubocurarine in sim- 
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ilar in vitro models (2,3). Although one needs to 
exercise great caution when extrapolating in vitro 
animal data to humans, the current in vitro data 
suggest the potential for a small degree of synergy for 
the combination of atracurium and vecuronium in 
humans. In fact, from their human data, Black et al. 
(5) suggest that a combinaticn of low doses of atra- 
curium and vecuronium may lead to a significant 
increase in neuromuscular blockade. 
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The effect of spinal anesthesia with isobaric 0.5% buptva- 
caine on ventilatory responsiveness to CO, rebreathing was 
studied in ten unpremedicated patients. Minute ventilation 
(Ve) at end-tidal Pco, = 55 mm Hg increased from 18.7 = 
6.7 Limin (mean + sp) to 22.3 + 10.1 L/min after 
induction of spinal anesthesia (P < 0.05), Occlusion 
pressure (Po) at Peo, = 55 mm Hg also increased, from 
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38 15 ote 50 at 17 em HOP 009)... Spinal 
anesthesia was not associated with Eee changes in 
vital capacity, maximal inspiratory pressure, resting end- 
tidal Pco,, or the slopes or intercepts of the lines relating 
Ve or Pa, to Pcos. These results show an increased 
ventilatory responsiveness to CO, with bupivacaine spinal 
anesthesia. 


Key Words. ANESTHETIC TECHNIQUES—spinal. 
ANESTHETICS, Locat—bupivacaine. 
VENTILATION-—carbon dioxide response. 





Patients sometimes report difficulty breathing during 
spinal anesthesia, despite adequate inspiratory mus- 
cle function. Such complaints suggest an altered 
drive to breathe; nevertheless, spinal anesthesia is 
thought to have no significant effect on resting pul- 
monary ventilation (1). 

Measuring ventilatory responses to CO, rebreath- 
ing provides a more sensitive method to detect 
changes in the control of breathing than does mea- 
suring changes in resting ventilation. Hypercapnia is 
a potent stimulus to ventilation; relatively small 
changes in ventilatory responses to progressive hy- 
percapnia may be more readily quantified than the 
corresponding changes in resting ventilation. We 
therefore studied ventilatory responses to CO, re- 
breathing as a measure of change in control of breath- 
ing in patients during spinal anesthesia. 


Methods 


Ten subjects, free of clinically significant cardiac or 
pulmonary disease, were studied. All were scheduled 
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for knee or foot surgery and had agreed to have spinal 
anesthesia. The protocol was approved by the Human 
Subjects Committee of our institution. Written in- 
formed consent was obtained from each subject. 


Protocol 


Subjects were fasted overnight and received no pre- 
operative medications. Baseline (prespinal) measure- 
ments were performed in the preoperative holding 
area, 1-2 hours before operation. Two or three mea- 
surements were made of each of the following: 1) 
maximal inspiratory pressure (MIP), 2) forced vital 
capacity (VC) and, 3) ventilatory response to CO, 
rebreathing. 

Spinal anesthesia was administered in the operat- 
ing room with 0.5% bupivacaine without dextrose 
(isobaric). The dose of bupivacaine, the addition of 
epinephrine to bupivacaine, and the position of the 
patient during injection were at the discretion of the 
anesthesiologist performing the procedure. Hypoten- 
sion was treated with IV ephedrine. The level of 
spinal anesthesia to pinprick was assessed every 5 
minutes. When the level was unchanged on two 
successive determinations, all respiratory measure- 
ments were repeated in duplicate. 


Respiratory Measurements 


All measurements were made with the subjects su- 
pine, their head supported by one or two pillows. 
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The first subject breathed through a rubber mouth- 
piece while wearing a nose-clip, which she found 
uncomfortable; consequently, all other subjects 
breathed through plastic face masks which sealed 
around the nose and mouth. 

MIP was measured at residual lung volume. For 
this measurement, the mouthpiece or face mask was 
attached to one end of a short length (10 cm) of 
2.5-cm diameter rigid pipe, the other end of which 
could be manually occluded. Pressure within the pipe 
was determined with a differential pressure trans- 
ducer (model LCVR, range + 200 cm H,O, Celesco 
Transducer Products, Inc., Canoga Park, CA) and 
recorded on a strip-chart recorder (model 8000S, 
Gould Inc., Cleveland, OH). The pressure transducer 
was calibrated with a water manometer before each 
experiment. MIP was determined as the maximal 
pressure deviation from atmospheric observed dur- 
ing two or three efforts under each condition. 

Forced vital capacity was measured using a Wedge 
spirometer (model 570, Med Science, St. Louis, MO). 
The volume signal of the spirometer was verified 
initially with a calibrated syringe; daily electrical 
calibration was performed. Forced vital capacity was 
determined as the maximal volume exhaled during 
repeated attempts, and was converted to BTPS. 

Ventilatory response to CO, rebreathing was 
tested by the rebreathing method of Read (2). Sub- 
jects breathed through a nonrebreathing valve 
(model 2700, Hans Rudolph, Inc., Kansas City, MO) 
connected via a circle system of tubing to a rebreath- 
ing bag enclosed in a rigid box. A three-way valve 
allowed subjects to breathe either air or a gas mixture 
from the bag. The box was connected to the spirom- 
eter for measurement of volume and flow. A silent 
inflatable occlusion valve (model 9327, Hans Ru- 
dolph, Inc.) on the inspiratory side of the circle 
system allowed measurements of mouth occlusion 
pressure. Intermittent inspiratory occlusion was per- 
formed by inflation of the valve during the previous 
expiration; the occlusion was terminated within 
200-350 msec after onset of inspiration by deflation of 
the valve. 

Prior to rebreathing, the bag was filled with 3 L of 
7% COQz-93% O,. Each test started with the subject 
breathing air through the face mask or mouthpiece 
until end-tidal CO, partial pressure (PET,,,,) appeared 
stable. The three-way valve was then turned, and the 
subject was instructed to take three quick deep 
breaths from the bag, and then to breathe normally. 
Rebreathing continued for 3 to 5 minutes, as toler- 
ated. Inspiratory occlusion was performed once every 
20 to 30 seconds during rebreathing. 

Expired gas was sampled continuously at the 
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mouthpiece or mask at a rate of 500 ml/min. Concen- 
tration of CO, in expired gas was measured with an 
infrared analyzer (LB-2, Beckman Instruments, Inc., 
Anaheim, CA), which was calibrated before each 
experiment against room air and the rebreathing gas. 
Sampled gas was returned to the rebreathing bag 
after analysis. Breath-by-breath volume and flow 
were determined by the Wedge spirometer connected 
to the bag-in-box system. Pressure was measured by 
a transducer (Celesco model LCVR, range + 50 cm 
H20, calibrated daily) connected by 2-mm tubing toa 
sampling port just before the nonrebreathing valve. 
All signals were recorded continuously on the strip- 
chart recorder for subsequent analysis. 

Resting Prt... was determined by averaging the 
values from three to five breaths just before each 
rebreathing study. To relate minute ventilation (VE) 
and PET... during rebreathing, VE was calculated at 
BTPS from the tidal volumes and total duration of 
three consecutive breaths immediately preceding 
each occluded breath. For the corresponding Pera, 
the mean value during each 3-breath interval was 
used. Data from the pair of rebreathing curves per- 
formed under each condition were pooled for calcu- 
lation of the best-fit line by linear regression. 

Mouth occlusion pressure (P),) was measured 
during each occlusion 100 msec after the beginning of 
an inspiratory effort, determined by the onset of a 
subatmospheric pressure deflection. The correspond- 
ing PETco, was measured for the breath just before the 
inspiratory occlusion. Again, data from the pair of 
rebreathing studies done under each experimental 
condition were pooled for calculation of the best-fit 
line by linear regression relating Pp, and Per... 

The slope and x-intercept of each line, as well as 
the Ve and Po, calculated at PET.,, = 55 mm Hg, 
were used for comparison of results obtained before 
and after spinal anesthesia. Statistical significance 
was determined by Student's t-test for paired sam- 
ples. 


Results 


Patient characteristics and drug dosages are shown in 
Table 1. The level of anesthesia to pinprick was 
between T2 and T10 in all subjects at the time of 
respiratory measurements (Table 1). 

There were no significant differences in VC (mean 
+ sp, 2.5 + 1.1 before, 2.6 + 1.0 L during spinal) or 
MIP (41 + 20 pk 42 + 20 cm H,O during). Resting 
PET... was 40 + 3 mm Hg before spinal anesthesia 
and 38 + 3mm He during spinal (P = 0.07) (Fig. 1). 
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Table 1. Patient Characteristics 
Dose Dose Dose 
Patient Age bupivacaine epinephrine ephedrine 
No. (yr)* Sex (mg) (mg) (mg) Analgesic level 
1 66 F 15 0 0 T9 
2 70 M 15 0 0 T9 
3 57 F 15 0 0 T4 
4 29 M 20 0.1 0 T10 
5 49 F 15 0 0 T10 
6 74 F 15 0 15 T4 
7 68 F 15 0 0 T10 
8 62 F 15 0 0 T2 
9 58 F 15 0.2 0 T2 
10 76 M 15 0.2 5 T2 


*Mean + sp 61 + 14. 
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Figure 1. Resting end-tidal Pco, (mm Hg) before and during spinal 


anesthesia. The dashed line connects mean values. Error bars 
represent + 1 sp. 


There were no significant changes in slopes or 
x-intercepts of the lines relating VE and Py, to PET, 9, 
before and during spinal anesthesia (Table 2). How- 
ever, VE calculated at PET... = 55 mm Hg (VE-55) 
increased from 18.7 + 6.7 L/min (mean + sp) before 
spinal to 22.3 + 10.1 L/min during spinal (P = 0.04) 
(Fig. 2). Similarly, Pp, calculated at Per., = 55 mm 
Hg (Po.1-55) increased from 3.8 + 1.5 to 5.0 + 1.7 cm 
H,O (P = 0.04) (Fig. 3). 


Discussion 


The major finding in the present study was an 
increase in the ventilatory response to CO, rebreath- 
ing during bupivacaine spinal anesthesia in unpre- 
medicated patients. The increased responsiveness 
was manifested by a 19% increase in VE-55 and a 32% 


increase in P,,-55. Eight of ten patients had in- 
creased VE-55 (Fig. 2) and the same eight had in- 
creased P, ;-55 (Fig. 3), whereas there were no con- 
sistent changes in the slopes or x-intercepts of the 
lines relating VE and P,,; to PET,,,. Thus, there was a 
shift of the lines toward the left (increased response) 
with spinal anesthesia. Resting PreT.,, decreased in 
our patients from 40 + 3 to 38 + 3 mm Hg with spinal 
anesthesia, a statistically insignificant change (P = 
0.07). 

Previous studies have found relatively little effect 
of spinal anesthesia on resting pulmonary ventila- 
tion. Egbert et al. (3) observed no significant changes 
in respiratory rate or tidal volume in 20 sedated 
patients with tetracaine sensory block to T2-T6. Ask- 
rog et al. (4) noted “slightly increased” minute ven- 
tilation with no change in tidal volume while arterial 
Pco, decreased from 35.8 + 1.4 to 32.3 + 3.1 mm Hg 
in six sedated subjects with tetracaine sensory block 
to T4-T6. Pitkänen (5) observed no change in arterial 
Pco, with bupivacaine spinal anesthesia in 40 se- 
dated patients. Other studies reviewed by Greene (6) 
also reported little or no effect of spinal anesthesia on 
resting ventilation or PET... In many of these stud- 
ies, subjects were sedated with drugs now known to 
affect control of breathing; effects of such sedative 
drugs may have masked any effect of spinal anesthe- 
Sia. 

Eisele et al. (7) found no change in minute venti- 
lation with procaine spinal anesthesia producing mo- 
tor block to level T1 in three subjects; tidal volumes 
were reduced while respiratory rate increased. These 
authors reported the ventilatory response to CO, 
rebreathing in one of their subjects. Although they 
noted similar slopes of the minute ventilation-PET,,, 
relation before and after anesthesia, the data in their 
Figure 5 appear to show a shift of the response 
toward higher ventilation with spinal anesthesia, in 
agreement with our findings. 
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Table 2. Ventilatory Responses to CO, Rebreathing before and during Spinal Anesthesia 





Minute ventilation (VE) 
i 


Occlusion pressure (Py, ;) 


Slope (L:min™'-mm Hg~*) x-intercept (mm Hg) Slope (cm H,O/mm Hg) x-intercept (mm Hg) 
Patient no. Before During Before During Before During Before During 
1 2 Ta 41 40 0.48 3 47 E 
2 1.5 2.2 42 49 0.40 0.22 45 39 
3 0.8 0.7 39 32 0.20 0.25 46 35 
4 LZ 2.3 39 41 0.32 0.49 39 39 
5 2.7 1.8 45 36 0.13 0.54 23 41 
6 1.1 0.6 45 30 0.13 0.21 42 40 
7 0.7 1.2 37 43 0.19 0.23 39 38 
8 0.8 0.5 39 25 0.21 0.11 38 17 
9 2.3 2.4 42 38 0.26 0.16 39 27 
10 1.3 1.9 38 44 0.71 0.23 46 30 
Mean £ sp 1.4 + 0.7 1.5 + 0.7 41 +3 38 + 7 0.30 + 0.18 0.27 + 0.15 40 + 7 34+ 8 
“Insufficient data. 
8 
40 
6 
30 
7 
4 ? 
2 “ 
20 ge? 
2 
IO 
BEFORE DURING 
SPINAL SPINAL 
BEFORE DURING 
SPINAL SPINAL 





Figure 2. Minute ventilation (L/min) at end-tidal Pco, of 55 mm 
Hg, before and during spinal anesthesia. The dashed line connects 
mean values. Error bars represent + 1 sp 


Possible causes for the increased ventilatory re- 
sponsiveness to CO, with spinal anesthesia in our 
patients include the following: 1) anxiety related to 
surgery, 2) systemic effects of bupivacaine, 3) sys- 
temic effects of sympathomimetics, 4) altered muscle 
function and, 5) altered afferent information. We will 
consider each of these in turn. 

Without benefit of sedative drugs, some of our 
patients were anxious at being in the operating room 
during the postspinal measurements. The effect of 
such anxiety on CO, responsiveness is not known. 
The possibility that anxiety might increase ventilatory 
responses to CO, is suggested by studies that have 
shown that catecholamine infusions increase resting 





Figure 3. Occlusion pressure (cm H,O) at end-tidal Pco, of 55 mm 
Hg, before and during spinal anesthesia. The dashed line connects 
mean values. Error bars represent + 1 sp. 


ventilation (8,9) as well as responses to hypercapnia 
(10). On the other hand, lack of an effect of adrenergic 
blockade on resting ventilation or on ventilatory 
response to hypercapnia (11-13) argues against a 
significant role for sympathoadrenal activity in mod- 
ulating CO, responsiveness. Because we did not 
study subjects having spinal anesthesia without im- 
pending surgery, we cannot exclude the possibility 
that anxiety related to surgery contributed to the 
increased CO, responsiveness we observed. 

It is unlikely that systemic effects of bupivacaine 
contributed to the increased ventilatory responsive- 
ness in our patients in view of the low blood levels of 
bupivacaine to be expected after subarachnoid ad- 
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ministration. Although ventilatory responsiveness to 
CO, has been shown to be increased by bupivacaine 
administered by inhalation (14) and by axillary block 
(15), and by IV and epidural lidocaine (16,17), the 
magnitude of the increase in slope of the ventilatory 
response to CO, correlated with plasma levels of local 
anesthetic (15,17). We did not measure plasma levels 
of bupivacaine in our patients; however, Axelsson et 
al. (18) found peak whole blood levels of 36-73 ng/ml 
following subarachnoid injection of 20 mg of glucose- 
free 0.5% bupivacaine. Such concentrations are more 
than an order of magnitude lower than the plasma 
bupivacaine levels of 1 and 3 ug/ml at which Cross et 
al. (19) found no effect of IV bupivacaine on ventila- 
tory response to CQ . Similarly, in Negre’s study 
(15), no change in slope of Ve vs PET., was seen at 
plasma bupivacaine levels of <1 ug/ml. 

Sympathomimetic drugs are known to increase 
resting ventilation (8,9) as well as ventilatory respon- 
siveness to hypercapnia (10). Four of our patients 
received such drugs—epinephrine was added to bu- 
pivacaine in three patients and ephedrine was admin- 
istered intravenously in two patients (one of whom 
had received epinephrine; see Table 1). Of those not 
receiving sympathomimetics, Ve-55 and Po -55 in- 
creased during spinal anesthesia in five of six pa- 
tients. Thus, systemic effects of sympathomimetic 
drugs were not responsible for the increased ventila- 
tory responsiveness during spinal anesthesia. 

Also unlikely as a cause of increased responsive- 
ness is altered ventilatory muscle function with spinal 
anesthesia. We observed no effect of bupivacaine 
spinal anesthesia on respiratory muscle function as 
measured by VC or MIP. The relatively low values of 
MIP we observed presumably resulted from the su- 
pine position of our subjects as well as their lack of 
familiarity with this test of respiratory function, in 
which learning improves performance. Our measure- 
ments of VC were 85% of predicted normal before 
spinal, and 88% of predicted normal during spinal 
anesthesia. Furthermore, the potential inhibitory ef- 
fect of spinal anesthesia on respiratory muscle func- 
tion would tend to decrease ventilatory responsive- 
ness, not increase it as we observed. Indeed, our 
measurements of occlusion pressure (P, ,;) provide 
further support for increased ventilatory responsive- 
ness with spinal anesthesia. Po; is a measure of 
central respiratory drive (20). Respiratory muscle 
weakness has much less effect on Py), than on VE; 
with increasingly severe muscle weakness produced 
by curare, VE fails to increase with hypercapnia, 
whereas the Po; response remains intact or even 
increases (21). Our observation of a greater increase 
in Pp -59 than in VE-55 (32 vs 19%) is consistent with 
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the notion that the magnitude of the bupivacaine- 
induced increase in ventilatory response to hypercap- 
nia may be underestimated by the response of VE. 

We speculate that deafferentation of chest wall 
receptors by spinal anesthesia may be the cause of the 
increased ventilatory responsiveness in our patients. 
A similar mechanism has been proposed to explain 
the sensation of difficulty in breathing experienced by 
some patients during spinal anesthesia (22). To the 
extent that afferent input from the chest wall exerts 
an inhibitory effect on ventilation and sensations of 
breathlessness, spinal anesthesia should, therefore, 
result in greater increases in ventilatory responsive- 
ness than lower spinal levels. Although no such 
correlation is apparent in our data, we studied only 
ten patients. None of our patients was short of breath 
during spinal anesthesia; perhaps patients who expe- 
rience dyspnea with spinal anesthesia would show 
greater increase in CO, responsiveness. Experimental 
evidence in support of an inhibitory role for chest 
wall receptors in control of ventilation is provided by 
preliminary data of Bellemore and Garzaniti (23) who 
noted diaphragmatic inhibition by activation of cuta- 
neous afferents in dogs. On the other hand, chronic 
deafferentation of the chest wall in human quadriple- 
gics was associated with diminished ventilatory re- 
sponsiveness to hypercarbia in preliminary observa- 
tions of Schwartzstein et al. (24). 

In conclusion, we have shown that ventilatory 
responsiveness to CO, rebreathing is increased with 
0.5% bupivacaine spinal anesthesia. We speculate 
that the increased response may be the result of 
elimination of inhibitory effects of chest wall affer- 
ents. 


We thank Ellen Murray, RN, for invaluable assistance in all phases 
of this study. Drs. Usha Dhingra and Michael B. Cohen provided 
help with data collection and analysis. 
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Beneficial Effect of Cyclooxygenase Inhibition on Adverse 
Hemodynamic Responses after Protamine 
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HOBBHAHN J, CONZEN PF, ZENKER B, GOETZ AE, 
PETER K, BRENDEL W. Beneficial effect of 
cyclooxygenase inhibition on adverse hemodynamic 
responses after protamine. Anesth Analg 1988;67:253-60. 


The hypothesis that adverse effects observed when heparin is 
antagonized by protamine are mediated by metabolites of the 
arachidonic acid cascade was tested during general anesthe- 
sia (enflurane, fentanyl: in 16 pigs classified into two 
groups. In the first group (n = 9), effects of intravenously 
administered protamine on systemic hemodynamics, 
blood/gas tensions, and arterial and mixed-venous prosta- 
noid levels were studied. The second group (n = 7) was 
pretreated with indomethacin 10 mg/kg, and the same 
measurements were maae. All pigs received heparin 150 
units/kg. When protamine 1.1 + 0.1 mg/kg was adminis- 
tered over 3 minutes, marked hemodynamic alterations 
were observed in group 1: pulmonary artery pressure and 
pulmonary vascular resistance increased, and left ventricu- 
lar end-diastolic and systemic arterial pressures decreased. 


Protamine has been widely used in the reversal of the 
anticoagulant effects of heparin for many years (1). 
The hemodynamic effects of this neutralization, in- 
cluding significant hypotension and a deterioration of 
arterial Po,, have been described in intact animals 
(2-8). However, studies on cardiopulmonary bypass 
indicate that protamine is associated with much less 
hemodynamic side effects in humans (9-14). Reasons 
for these divergent findings and the intimate mecha- 
nisms involved in the adverse hemodynamic effects 
of protamine have not been elucidated, however. 
Histamine release has been said to play a role (12), 
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Arterial and mixed-venous Po, values deteriorated in all 
pigs in group 1 at the end of protamine infusion. These 
alterations were accompanied by significantly elevated pros- 
tanoid levels in arterial and mixed-venous plasma samples: 
Thromboxane A,, prostaglandin Fra, KH,-PGF,, (a me- 
tabolite of prostaglandin Fz), and prostacyclin were max- 
imally elevated at completion of protamine and remained 
significantly above control values at 5 minutes but were not 
significantly different from control after 10 minutes. Block- 
ing the cyclooxygenase cascade by pretreatment of the pigs 
with indomethacin (group 2) prevented hemodynamic and 
blood gas alterations. It is concluded that in pigs the 
detrimental side effects associated with the use of protamine 
fo reverse heparin are mediated by metabolites of the 
cyclooxygenase cascade. This was evidenced in the present 
study by 1) elevated prostanoid levels in pigs in group 1 and 
2) by the absence of side effects after protamine in the 
cyclooxygenase-inhibited pigs in group 2. 


Key Words: BLOOD, COAGULATION—protamine. 
HORMONES—prostaglandins. 


but histamine does not appear to be the only media- 
tor (4,10). Another possibility is that protamine acts 
on activation of the complement system (10). 

A previous study suggested that the cyclooxygen- 
ase pathway may be involved in reactions to prota- 
mine (7): pretreatment with acetylsalicylic acid re- 
duced but did not completely eliminate the 
cardiovascular effects of protamine in heparin rever- 
sal. The authors did not, however, prove that cyclo- 
oxygenase inhibition was complete. In the present 
study, we reexamined the role of cyclooxygenase 
products of the arachidonic acid cascade during hep- 
arin-protamine interactions in intact animals. We did 
this by measuring cardiovascular responses and 
plasma prostanoid levels after neutralization of hepa- 
rin by protamine with and without pretreatment with 
the cyclooxygenase inhibitor indomethacin to com- 
pletely block endogenous prostanoid production. 


Methods 


The experiments were performed in 16 pigs weighing 
an average of 32 kg (range 26-38). Food was withheld 
for 12 hours before induction of anesthesia with IM 
ketamine 12 mg/kg, flunitrazepam 0.1 mg/kg, and 0.5 
mg atropine. After tracheotomy, the lungs were 
ventilated (Servo-Ventilator 900 B, Siemens, Er- 
langer, West Germany) with a mixture of O, and 
N20 with a positive end-expiratory pressure of 3 cm 
HO to prevent atelectasis. Carbon dioxide concen- 
trations in the pigs’ expired air were continuously 
monitored, and the tidal volume of the respirator was 
set to maintain end-expiratory CO, at 4.5 vol%. 
Anesthesia was maintained by fentanyl 0.1 
mg-kg~?-hr~* and enflurane 0.6-0.8 vol%. 

Monitoring of hemodynamic variables and blood 
sampling for biochemical and blood/gas analysis re- 
quired two large-bore polyethylene catheters placed 
through cutdowns into the femoral vessels, the arte- 
rial catheter for measurement of mean arterial pres- 
sure (MAP) and blood sampling, and the venous line 
for infusion of drugs. Two Swan-Ganz catheters (5F 
and 7F) advanced into the pulmonary artery from the 
external jugular veins served for determination of the 
mean pulmonary artery pressure (MPAP) and cardiac 
output (CO) (5F) and for blood samples to measure 
gas tensions and prostanoid levels (7F). Cardiac out- 
put was determined in triplicate by injection of 5 ml 
ice-cold saline (CO-computer 9530, Mansfield Inc., 
Mansfield, MS). A catheter-tip manometer (Milar- 
Instruments, Houston, TX) was placed in the left 
ventricle through the right common carotid artery. 
This high-fidelity pressure transducer served for mea- 
surement of left ventricular end-diastolic pressure 
(LVEDP). Blood/gas tensions and pH in the anaerobi- 
cally collected blood samples were measured using an 
ABL300 (Radiometer, Copenhagen, Denmark). 

The pigs were randomly assigned to two experi- 
mental groups: In group 1 (n = 9), heparin was 
followed by an infusion of protamine. In group 2 (n = 
7), 10 mg/kg indomethacin was infused IV before 
heparin/protamine. Baseline recordings of hemody- 
namic and blood/gas data were made, and blood 
samples for prostanoid determinations were obtained 
in all pigs after they had stabilized for at least 60 
minutes after the surgical procedures for infusion of 
indomethacin (tọ). The pigs were then given heparin 
150 units/kg. Recordings were repeated after 5 (t,) 

and 15 minutes (t,). 
= Protamine (Protaminsulfat Novo) was given 2 
mg/kg over 3 minutes. This amount was considered 
to be sufficient to antagonize circulating heparin. 
However, infusion was stopped immediately after 
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increases in pulmonary artery or decreases in sys- 
temic arterial pressures were observed. Arterial and 
mixed-venous blood samples were withdrawn and 
pressure recordings obtained immediately after the 
completion of the infusion (t,) and 5 (t,) and 15 
minutes (t;) later. Cardiac output was determined 
after 5 (t,) and 15 minutes (ts). 

Concentrations of the following prostanoids were 
measured in arterial and mixed venous plasma by 
radioimmunoassays: Thromboxane A, (TXA,), pros- 
tacyclin (PGI,), prostaglandin F,,, and its major deg- 
radation product, 13-14-dihydro-15-keto prostaglan- 
din F,, (KH,PGF,,). Because PGI, and TXA, are 
chemically unstable with short half-lives in aqueous 
solutions, they were measured by their stable oxida- 
tion products, thromboxane B, (TXB,) and 6-keto- 
PGF, ,, respectively. For this purpose, 3 ml blood was 
collected from the catheters in the pulmonary artery 
and the abdominal aorta into precooled plastic sy- 
ringes. The syringes contained 0.1 ml indomethacin 
(1 mg/ml) and 0.2 ml sodium-EDTA (77 mM). The 
blood was immediately centrifuged at 3500 rpm at 4°C 
for 15 minutes. The plasma was stored at —70°C until 
analysis. 

All prostanoids were analyzed by specific radioim- 
munoassays using single antibody techniques. Free 
and antibody-bound antigen fractions were separated 
by Dextran-coated charcoal. All standard curves dem- 
onstrated parallelism in buffer and in plasma. Plasma 
samples were run in duplicate and the mean values 
used for further processing of the data. Tritiated 
prostaglandins and prostglandin standards were pur- 
chased from Amersham Co. and Upjohn Co., respec- 
tively. All antibodies were purchased from Pasteur- 
Diagnostics, Paris. The sensitivities of our assays are: 
20 pg/ml for TXB, 50 pg/ml for 6-keto-PGF,,, 10 
pg/ml for PGF,, and KH, PGF,,, respectively. Cross- 
reactivities of the antibodies as indicated by the 
manufacturer were <10% for the tested metabolites. 


Statistical Analysis 


Results are expressed as means + sE. Analysis of the 
raw data revealed, however, that certain of the data 
were not normally distributed. Inner-group data fol- 
lowing heparin or protamine were therefore analyzed 
by the Friedman rank analysis of variance. This was 
followed by Wilcoxon and Wilcox multiple compari- 
sons to determine times at which the results were 
significantly different from baseline. Comparisons 


between groups at tọ were performed using original | 


data by the Wilcoxon-U test. For comparison of data 
after protamine was given (t,-ts), we first calculated 
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Table 1. Hemodynamic Data in Untreated Pigs in Group 1” 

to ti t2 ts t ts 
HR (sec™t)t 102 + 5 104 +5 103 +5 139 + 10 118 + 6 118 + 6 
MAP (mm Hg) 85 + 4 86 + 4 88 + 3 53 + 9* 87 + 4 86 + 4 
MPAP (mm Hg) 1771 18 +1 18 + 1 ISE 27 3" 191 
CO (mimin tkg?) 152 + 14 149 + 12 159 + 11 — 162 + 14 163 + 6 
SVR (dynes-seccm™”) 1655 + 140 1752 + 152 1663 + 74 — 1643 + 120 1699 + 140 
PVR (dynesseccm™’) 145 + 33 183 + 35 149 + 18 — 393 + 60* 222 + 25 
Pao, (mm Hg) 11444 lll +3 113 +3 98 + 6" 102 + 6" 105 + 6 
Pvo, (mm Hg) 44+] 4341 42 +1 31 + 3" 41 +3 44 +1 


*Values are given as means + SE before (tg) and 5 (t,) and 15 (t,) minutes after heparin injection, and 2 (t), 5 (t), and 15 (t,) minutes after injection of 
protamine sulfate. 

tAbbreviations: HR, heart rate; MAP, mean arterial pressure; MPAP, mean pulmonary artery pressure; CO, cardiac output; SVR, systemic vascular 
resistance; PVR, pulmonary vascular resistance; Paos, Po in arterial blood; Pvo2, Po, in mixed venous blood. 

*P < 0.05 versus t, (baseline, immediately before infusion of protamine). 


Table 2. Hemodynamic Data in the Indomethacin-Pretreated Pigs in Group 2* 


to ti t2 ts t4 ts 
HR (sec™!)t 87 +5 85 + 4 80 + 4 81+ 4 81+ 4 80 + 4 
MAP (mm Hg) 97 + 3 94 +3 96 + 2 92 + 4t 93 +3 92 +4 
MPAP (mm Hg) 19 + 1 19+1 19+2 20 + 24 192 18 +1 
CO (mi-min~*-kg~') 107 + 6 102 +5 100 + 6 — 98 + 6 98 + 5 
SVR (dynes:seccm~°) 2443 + 91 2571 + 120 2621 + 169 — 2638 + 212 2557 = 175 
PVR (dynes:seccm~”) 216 + 54 252 + 76 262 + 86 — 260 + 70$ 257 + 63 
Pao, (mm Hg) 106 + 1 105 2-2 105 +3 105 = 3f . 106 £ 2t 104 +3 
Pvo, (mm Hg) 37 +1 36 +1 3641 3641 37 +1 37 +1 


*All values are means + sg. Determination were obtained before (to) and 5 (t;) and 15 (ta) minutes after heparin injection, and 2 (ts), 5 (t4), and 15 (ts) 


minutes after infusion of protamine. 
tFor abbreviations see Table 1. 
*P < 0.05 versus corresponding time in group 1. 


the absolute differences to the corresponding baseline 
values at t}. This was necessary to avoid statistical 
errors due to divergent baseline values. Comparisons 
(Wilcoxon-U test) were then made using these differ- 
ences. P < 0.05 was considered statistically significant. 


Results 


Indomethacin blocked cyclooxygenase completely. 
This was evidenced by plasma prostanoid levels not 
different from zero. Because of inhibition of the 
cyclooxygenase cascade, systemic vascular resistance 
(SVR) was higher and CO and mixed venous Po, 
were significantly lower in group 2 than in group 1. 

Injection of heparin into the right atrium was not 
followed by changes in hemodynamics, blood/gas 
tensions, or prostanoid levels in either group (Tables 
1 and 2). 


Group 1, Unblocked Animals 


Infusion of protamine increased MPAP and de- 
creased LVEDP and MAP (Table 1, Figs. 1 and 2). 


This was concommittant with decreases in arterial 
and mixed-venous Po, (Table 1), as well as a decrease 
of end-expiratory CO, (Fig. 1). Because protamine 
infusion was stopped as soon as hemodynamic ef- 
fects were observed, no pig received the full dose 
required to completely antagonize heparin. Average 
protamine infusion amounted to 1.1 + 0.1 mg/kg. 
Maximal hemodynamic and blood/gas changes were 
observed 2-4 minutes after start of the protamine 
infusion. 

Also at tz, the most pronounced changes of plasma 
prostanoid levels were observed (Fig. 3). Arterial 
levels of TXB,, PGF,,, KH,PGF,,, and PGI, increased 
to 460, 220, 690, and 150% of their initial values. 
Venous and arterial prostanoid levels were not sig- 
nificantly different from each other. All changes were 
most pronounced at the end of protamine infusion 
(t3). At 5 minutes (t4), MPAP, the transpulmonary 
pressure gradient, and pulmonary vascular resistance 
(PVR) were still significantly above t, levels (Table 1, 
Fig. 2), but after 10 minutes (t,), they had returned 
toward control (t,). We could not obtain reliable 
cardiac output determinations (triplicate injections of 
cold saline) at completion of protamine because of 
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Figure 1. Acute pulmonary hypertension and decreased left ventricular filling in a representative animal of group 1. 


i 


LAY 


í a a 7 7 Bye A i 
whens ett frui x . 
t i ffan i E 3 
eÈ. c s 8 . 
y fi } 
h ? a = 
i H 
atian É FEN e Po OO ESEE PETTE 
Spl pe ferso po yog oron f r aiar ieas | i i 
a eka ren idiye maaa nea ot O TE E EE T è $ . : i į 
E 8 < 1 Ter 
$y ae as | 3 H Oe, oe : i 
E r E T EREEREER E + eee ETE HE SEEE che E E ad $ 
i H i t i 7 i i i 
$ becie bpe fe monhe heed des b i 
$ 4 3 i + 
eo st Poe eee ars i 
i ea i E T E ETE S Bowapecteses of 
$ 4 f i å i ; 7 
H t BMP HAP , è $ 
g ? 
fi Ted : i i ee 
oe sper arena en sae sarera M 
ot ee em ts t 
AAE NE E. BEES EENE. PO EEE E cer de we 3 
Eemi r Mani ‘Lay nagwe pia Mf page! a t 
! + : a 





HOBBHAHN ET AL. 


T 


T3 


S Se ce wo 
pc SS ST 


rr Sarr ae 


ato ¢ @ bs 4G ke et | 





Protamine denotes 


the pericd of protamine infusion (3 minutes). Note that the precipitous increase in pulmonary artery pressure (PAP, mm Hg) required 
reduction of the pressure amplification from 40 to 100 mm Hg full scale. Left ventricular end-diastolic pressure (LVEDP, mm Hg) and 
systemic arterial pressure (AP, mm Hg) decreased subsequent to the increase in PAP. End-expiratory CO, (vol%) decreased to about 50% 
of its initial value. Note the change in time scale about 1 minute after end of protamine infusion. 


hemodynamic instability. Single measurements indi- 
cated, however, that CO was decreased about 
50-60% at that time. 


Indomethacin-Treated Animals (Group 2) 


The cyclooxygenase-blocked pigs had no changes in 
hemodynamics, blood/gas tensions, or prostanoid 
levels even though the full amount of protamine (2 
mg/kg) was infused. Comparison with pigs in group 
l revealed significant differences in MAP, MPAP, 
arterial and mixed-venous Po, (Table 2), and the 
transpulmonary pressure gradient (Fig. 3) at ts. 
MPAP, PVR, and the transpulmonary pressure gra- 
dient remained significantly different from the un- 
blocked pigs at 5 minutes after protamine (t,). 


Discussion 
The results of this study indicate that, in our porcine 


nously liberated prostanoids not only contributed to, 
but mediated, the adverse protamine effects. This 
was demonstrated by significantly increased plasma 
prostanoid levels immediately after heparin reversal 
with protamine. Maximal prostanoid concentrations 
coincided with maximal hemodynamic changes. 
Findings in our second group of pigs demonstrated 
that cyclooxygenase activity was necessary for the 
hemodynamic and blood/gas effects of protamine, 
which were completely prevented by pretreatment 
with indomethacin. 

We know from a large number of our own studies 
and from others (15-17) that infusion of 10 mg/kg 
indomethacin blocks cyclooxygenase completely. We 
also know that blocking cyclooxygenase in pigs in- 
creases systemic pressures and vascular resistances. 
This effect of prostaglandin inhibition, also noted by 
others (18-20), is not species specific and may be due 
to the fact that continuous vascular prostanoid pro- 
duction contributes to a low vascular tone (21). To 
avoid statistical interference with divergent control 
values, intergroup comparisons after protamine 
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Figure 2. Left ventricular end-diastolic pressures (LVEDP) and the 

ulmonary pressure gradients (MPAP~LVEDP) in all pigs at 
baseline (t), and 5 (t,) and 15 (t) minutes after infusion of 150 
unity/kg heparin. Protamine was infused immediately after t,. 
Measurements were then repeated 2 (t3), 5 (t4), and 15 (ts) minutes 
after protamine. 


were, therefore, based on absolute differences (tts, 
etc.). 

Time-course analysis revealed that the pivotal step 
for the hemodynamic alterations after protamine is 
pulmonary vasoconstriction. This is evidenced by 
increases of the transpulmonary pressure gradient 
and pulmonary vascular resistance (Table 1, Fig. 2). 
Pulmonary vasoconstriction as a primary cause of 
acute cardiovascular deterioration in humans or in 
animals when heparin is reversed by protamine has 
also been reported by others (5,22-25). As a conse- 
quence, left ventricular filling as reflected by left 
ventricular end-diastolic pressure is significantly re- 
duced (Fig. 2). Thus, reduction in stroke volume is 
responsible for the decreases in arterial pressure and 
cardiac output. The decrease in arterial pressure may 
furthermore be aggravated by significantly elevated 
prostacyclin levels (Fig. 3). 

Our results indicate that pulmonary vasoconstric- 
tion is caused by liberation of TXA, and PGF}. TXA, 
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has long been recognized to be a potent pulmonary 
vasoconstrictor, mainly released from platelets (26). 
PGF,,, appears to be a less potent vasoconstrictor (27). 
The mediator role of these prostanoids for the in- 
creased pulmonary vascular resistance is demon- 
strated in the indomethacin-pretreated animals, 
where radioimmunoassays of the plasma samples did 
not reveal detectable concentrations. The absence of 
hemodynamic side effects also suggests that the 
amount of indomethacin infused was sufficient to 
block cyclooxygenase complete. 

Whereas arterial and mixed-venous levels of TXA, 
and PGI, were almost identical and did not allow a 
conclusion to be drawn about their sites of origin, 
analysis of PGF,, indicates an intrapulmonary activa- 
tion. Normally more than 90% of IV infused PGF.,, is 
metabolized during the first passage through the 
lungs (27). PGF,, levels in mixed-venous plasma sam- 
ples of the pigs of group 1 were generally lower than 
in arterial blood, indicating that the source of produc- 
tion is located within the lungs. Also, the mixed- 
venous PGF,, changes did not reach the level of 
statistical significance in the Friedman analysis. It 
appears that, at least when heparin is antagonized by 
protamine given intravenously, arachidonic cascade 
activation occurs in the lungs as the first vascular filter. 

Radegran et al. (6) surmised in 1971 that protamine 
exerts its hemodynamic and respiratory side effects in 
the lungs via release of a smooth muscle-stimulating 
substance from aggregated platelets. The relevance of 
cyclooxygenase in heparin/protamine interactions 
was also noted in a subsequent study. Radegran and 
McAslan (7) reported that acetyl-salicylic acid injected 
before protamine significantly inhibited protamine- 
induced increases in MPAP and PVR in dogs. How- 
ever, hemodynamic alterations were not completely 
prevented. Unfortunately these authors did not pro- 
vide information about completeness of cyclooxygen- 
ase blockade in their study animals. On the basis of 
our results it appears possible that the still present 
although reduced hemodynamic side effects of pro- 
tamine in their study were indeed due to residual 
cyclooxygenase activity. 

McIntyre et al. (28) reported elevation of plasma 
TXB, and 6-keto-PGF,, levels in a 60-year-old man 
undergoing cardiopulmonary bypass after 100 mg 
protamine injected over 2 minutes. This was accom- 
panied by a marked increase. in pulmonary artery 
pressure and a decrease in arterial pressure. Re- 
cently, Morel et al. (10) investigated 48 adult patients 
after cardiopulmonary bypass in a prospective study. 
Two patients developed acute pulmonary hyperten- 
sion with plasma thromboxane B, levels of 7.5 and 
16.2 ng/ml 1 minute after protamine injection. These 
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observations in humans and our findings in pigs 
strengthen the necessity of considering preoperative 
intake of cyclooxygenase inhibitors when protamine 
effects are studied in humans. In addition to their 
analgesic effects, cyclooxygenase inhibitors are effec- 
tive in patients with vascular diseases, because they 
have been shown to exert beneficial effects on throm- 
bocyte aggregation (29). It should be kept in mind 
that thrombocytes normally circulate for about 10 
days and that they do not have the enzymatic capac- 
ity to resynthesize previously blocked cyclooxygen- 
ase (30). This may be related to the inconsistent 
findings on the cardiovascular effects of protamine in 
human studies (9-14). 

Another important aspect is the rate of infusion of 
protamine. As early as 1949, Jaques (2) noted in dogs 
that infusion of protamine 5-10 mg/kg over 4 minutes 
was benign, but the same dose over 15 seconds 
decreased systemic blood pressure to a value near 30 
mm Hg. Our experimental protocol was designed to 
antagonize all heparin over 3 minutes. Similar rates of 
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Figure 3. Arterial and mixed-venous plasma 
prostanoid concentrations in the cyclooxygen- 
ase unblocked animals of group 1. Abbrevia- 
tions: TXB, metabolite of thromboxane A,; 
PGF,,, prostaglandin F,.; KH,PGF,,,, metabo- 
lite of PGF,,; 6-keto-PGF,,, metabolite of pros- 
tacyclin. See Figure 2 for abbreviations. 


infusion are used clinically (14,28) and experimentally 
(6,8) by others. We stopped infusion as soon as 
pulmonary artery pressure started to increase. This 
led to a mean infused protamine dose of 1.1 mg/kg 
and to approximately 70% reversal of heparin (31). 
Thus, unusually high protamine levels or rapid injec- 
tion were not produced in the present study. 

We also excluded the possibility that protamine by 
itself induced hemodynamic effects. In five pilot ex- 
periments, protamine alone, infused in a dose of 2 
mg/kg, failed to induce any changes. This was also 
reported by Stefaniszyn et al. (23) and Rogers et al. (5), 
who found no hemodynamic alterations when prota- 
mine alone was infused in comparable concentrations. 

Why, then, was the decrease in arterial pressure 
not compensated by an increased peripheral resis- 


‘tance? We could not obtain reliable measurements of 


cardiac output (mean of triplicate injections with a 
variability of <5%) during the first 2 minutes after 
protamine and did not calculate systemic vascular 
resistance. Although SVR has been reported to be 
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slightly elevated immediately after protamine in pigs, 
this increase was not sufficient to maintain arterial 
pressure (5). We assume that this lack of compensa- 
tion is at least in part due to the release of the 
vasodilating PGI,. Another possibility is that the 
vascular reflex mechanisms were overridden by the 
anesthetic regimen. In fact, especially in the human 
investigations, systemic vascular resistance has often 
been reported to be decreased rather than increased 
(9,11-13). This discrepancy again raises the question 
of pretreatment of the patients. Whereas circulating 
platelets can be irreversibly blocked by cyclooxygen- 
ase inhibitors (30), endothelial cells will regain the 
capacity for production of prostanoids and hence of 
PGI, after a relatively short period (32,33). Prostacy- 
clin production could therefore explain why systemic 
vascular resistance even decreases in some investiga- 
tions. However, thrombocyte function in animals 
may not be comparable to that in humans, particu- 
larly after extracorporeal circulation. Cardiopulmon- 
ary bypass in general decreases thrombocyte counts 
and, furthermore, may be associated with a reduced 
thromboxane generating capacity of the remaining 
platelets. Thus, if cardiopulmonary bypass by itself 
influences the TXA,-generating capacity of the plate- 
lets, the variation in systemic and pulmonary hemo- 
dynamic responses to protamine might be explained 
(10,12,22,34,35). 

In conclusion, the adverse hemodynamic effects 
that we observed in pigs associated with protamine 
reversal of heparin were mediated by intrapulmonary 
activation of the arachidonic acid cascade. The in- 
creased pulmonary vascular resistance in this study is 
best explained by liberation of the vasoconstricting 
prostanoids TXA, and PGF,,. PGI, may partially be 
responsible for the low systemic vascular resistance 
despite a decreased systemic arterial pressure. Prota- 
mine-induced hemodynamic side effects were, how- 
ever, prevented by pretreating the pigs with the 
cyclooxygenase inhibitor, indomethacin. Although 
we did not determine histamine or complement acti- 
vation in our pigs, the results indicate that the hemo- 
dynamic influences of these systems are negligible as 
compared to the role of the cyclooxygenase cascade. 
The mechanisms responsible for arachidonic acid 
cascade activation after reversal of heparin by prota- 
mine and the applicability of these results to humans 
remain to be elucidated. 


We are indebted to Anne Holzer and Andrea Schmidbauer for their 
cooperation and skillful technical assistance during this study. It is 
a pleasure to thank Barbel Lorenz for the prostanoid determina- 
tions. 
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Postoperative Effects of Intrathecal Morphine in Coronary Artery 


Bypass Surgery 


Glenn S. Vanstrum, Mp, Kris M. Bjornson, Mp, and Robert Ilko, MD 


VANSTRUM GS, BJORNSON KM, ILKO R. Postoperative 
effects of intrathecal morphine in coronary artery bypass 
surgery. Anesth Analg 1988;67:261~7. 


To determine whether intrathecal morphine is effective in 
decreasing analgesic and antihypertensive drug require- 
ments after coronary artery bypass (CAB) surgery, a 
prospective, randomized, double-blind study was designed, 
Approximately 30 minutes before induction of anesthesia 
with IV sufentanil and diazepam, and 2 hours before 
fis lel one oe 1 E (n = 16) were e given 


given gine intrathec al injections nes 2- or 25- RAUQE 
lumbar puncture needles, Intraoperatively, there were no 
differences in the numbers of patients requiring vasodilator 
drugs or volatile agent titration. During the postoperative 
period, the treated group required significantly less (P < 


A decade after the discovery of endorphins (1) and 
their receptors (2) in the mid-1970s, the clinical use of 
opiates in the intrathecal and epidural spaces contin- 
ues to be extended to new applications (3). Initial 
clinical work in cancer patients (4) with pain has been 
followed by the widespread use of spinal opiates for 
postoperative pain management (5-8). Although spi- 
nal opiates are used at a few cardiac centers, there are 
only two published works on the use of subarachnoid 
opiates in cardiac surgery. Matthews and Abrams (9) 
presented a brief, noncontrolled report of their use of 
intrathecal morphine in 40 cardiac surgery patients. 
They believed the technique offered potential advan- 
tages to their patients and deserved further study. 
Vincenty et al. (10) presented a study that compared 
the use of a large dose of intrathecal morphine (10 
mg) in ten patients anesthetized with 20-50 ug/kg 
fentanyl with a second group of ten patients anesthe- 
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0.05) IV morphine compared with the placebo group, 
during the first 24 hours (1.8 + 0.7 vs 5.4 + 1.5 mg) and 
30 hours (2.4 + 0.8 vs 8.3 + 1.9 mg). The treated group 
also required significantly less (P < 0.05) sodium nitro- 
prusside in the first 24 hours (58.1 + 29.0 vs 89.1 = 18.4 
me). There were no differences in pain scores, and the only 
complications (itching, nausea and vomiting) were infre- 
quent. It is concluded that an intrathecal dose of 0.5 mg of 
morphine is efficacious in reducing analgesic and antihy- 
pertensive drug requirements after CAB surgery. Whether 
these results are clinically important enough to warrant the 
theoretical risks of posthteparinization lumbar hematoma ts a 
topic for further investigation. 


Key Words: ANESTHESIA—cardiovascular. 
ANALGESICS—morphine. PAIN-—postoperative. 
ANESTHETIC TECHNIQUES, srpinat—morphine. 


tized with 100-150 ueg/ke fentanyl alone. Although 
the study was not performed in a double-blind man- 
ner, the investigators did demonstrate significantly 
less need for both intraoperative nitroglycerin and 
postoperative [V morphine in patients given intra- 
thecal morphine. The possible merit of intrathecal 
morphine in cardiac bypass surgery suggested by 
these two reports deserves further examination. Con- 
sequently, we designed a prospective, randomized, 
double-blind study to decide if benefits from the 
procedure can be objectively demonstrated and, if so, 
to determine, if possible, whether such benefits out- 
weigh the risks of lumbar puncture before CAB 
surgery. 


Methods 


After approval by our Institutional Review Commit- 
tee, written informed consent was obtained from 30 
ASA physical class IV patients requiring elective 
coronary artery bypass surgery. Any patients with a 
previous sternotomy or preoperative insertion of an 
intraaortic balloon pump, and any patients requiring 
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reexploration within 48 hours of the initial operation 
were excluded from the study. 

Preoperative medication with B-blockers, calcium 
channel blockers, and nitrates was continued until 1 
hour before surgery. Preanesthetic medication 30 
minutes before arrival in the operating room included 
intramuscular scopolamine 0.005 mg/kg, intramuscu- 
lar morphine sulfate 0.16 mg/kg, and diazepam 0.14 
mg/kg by mouth; oxygen at 4 L/min was also given by 
nasal cannula. Automatic blood pressure and ECG 
monitors were applied on arrival in the operating 
room, and a large-bore IV cannula was inserted in a 
peripheral vein. The patients were then placed in the 
left lateral decubitus position. After cleaning the 
lumbar spine with Povidone-iodine solution and the 
administration of a 1% lidocaine local anesthetic, a 
lumbar puncture was performed with a 22- or 25- 
gauge needle. If more than 10 minutes were required 
to penetrate the subarachnoid space, the attempt was 
abandoned and that patient dropped from the study. 
Patients were given either 1 ml of saline or 1 ml of 
0.05% preservative-free morphine (Duramorph, AH 
Robins) intrathecally in a double-blinded manner in 
accordance with a randomly coded schedule pro- 
vided to the pharmacy by our statistician. 

After lumbar puncture, the patients were returned 
to the supine position, and radial and pulmonary 
artery catheters were inserted. One hundred percent 
oxygen was then given and anesthesia induced with 
sufentanil 7 ug/kg in 50-ug increments, diazepam 
0.14 mg/kg, pancuronium 0.07 mg/kg, and metocu- 
rine 0.14 mg/kg. Isoflurane 0.25 to 1.0%, was used to 
prevent hypertension and tachycardia. No further 
narcotic was administered for maintenance of anes- 
thesia. 

In the surgical intensive care unit (ICU), morphine 
sulphate was administered intravenously in 2-mig 
increments every 30 minutes as needed for pain. Pain 
scores, determined by the linear analogue pain score 
(11), were recorded at 12, 18, 24, and 30 hours after 
admission to the ICU. Nurses attempted to keep the 
pain score at less than 4 in all patients (a score of 1 
represented no pain, 10 represented the worst pain 
imaginable; the scale was 25 cm long). Intravenous 
sodium nitroprusside, nitroglycerin and hydralazine 
were given as needed to keep blood pressure < 
140/90 mm Hg, pulmonary artery occlusion pressure 
<18 mm Hg, and systemic vascular resistance <1200 
dynes-3ec.cm~°. Cumulative doses of morphine and 
antihypertensive drugs, times of extubation, and 
blood gas tensions after extubation were recorded. 
Mechanical ventilation was supported until the 
morning after surgery, at which time patients were 
extubated. 
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Table 1. Patient Characteristics* 
Group I Group II 
Morphine Placebo 
n 16 14 
Sex 1F:15M 3F:11M 
Height (cm) 176 + 1.3 174 + 2.7 
Weight (kg) 83.8 + 3.3 74.0 + 6.4 
Age (yr) 63.7 + 2.9 66.8 + 3.1 
No. of preoperative 2.1 + 0.9 1.4 + 0.7 


antihypertensive meds 


*P > 0.15 for all data. Data are presented as mean + SEM. 


Data were analyzed using the Mann-Whitney U 
test and are presented as mean + seEM. In addition, 
we employed the average rank test as a measure of 
combined antihypertensive drug use (see below), and 
the x’ test for examining intraoperative drug use and 
the association of patients who required zero intrave- 
nous morphine and/or nitroprusside. Statistical 
methods were established before initiation of the 
study, and P < 0.05 was considered statistically 
significant. 

(Average rank and the Mann-Whitney U test are 
nonparametric tests used in statistics when a large 
number of zero values are present, when analyzing 
samples that deviate strongly from a normal distribu- 
tion, and when dissimilar values of a common cate- 
gory are to be compared (12). In this study, for 
example, both groups had patients who did not 
require one or several of three different antihyperten- 
sive drugs. Thus a numerical order rank was assigned 
for each dose of a given drug, with each zero value 
receiving an averaged value. For example, if three 
patients received 0, 0, and 20 mg of sodium nitro- 
prusside, respectively, their rank would be 1.5, 1.5, 
and 3.0. Averages for all three ranked drugs were 
assigned to each patient, and these averages were 
compared for the two groups by the Mann-Whitney 
U test.) 


Results 


Sixteen patients received morphine 0.5 mg intrathe- 
cally (group I) and 14 received saline (group IJ). There 
were no significant differences in sex, height, weight, 
age, or the number of preoperative chronic antihy- 
pertensive drugs (Table 1). The shortest time between 
lumbar puncture and heparinization was 60 minutes, 
and the average time to heparinization was 1 hour 57 
minutes. Both groups received similar anesthetics 
intraoperatively, and there were no significant differ- 
ences in the number of patients who required iso- 
flurane titration or intraoperative vasodilators (Table 


nt 
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Table 2. Intraoperative Isoflurane and Vasodilator 
Requirements* 


Group Í Group H 
Morvhine Placebo 
Patients receiving isoflurane 
Prebypass 13 (61%) 10 (71%) 
Bypass 0 0 
Postbypass 0 0 
Patients receiving vasodilators 
(nitroglycerin, nitroprusside, 
or hydralazine) 
Prebypass 5 (31%) 3 (21%) 
Bypass 3 (13%) 2 (14%) 
Postbypass 3 (19%) 4 (29%) 
*P > 0.10 for all data. 
Table 3. Respiratory Data” 
Group I Group H 
Morphine Placebo 
n 16 14 
Time to extubation (hr)t 19+1.1 22.1 + 1.5 
Arterial blood gas tensions 
after extubation 
pH 7.43 + 0.01 7.43 + 0.01 
Po, (mm Hg) 102 + 7.8 88 + 6.0 
Pco, (mm Hg) 41+ 1.4 40 + 0.8 


*P > 0.10 for all data. Data are presented as mean + SEM. 
tData represent interval beginning with intrathecal injection. 


Table 4. Pain Scores* 


Group I Group I 
Morphine Placebo 
12 hrst 2.0 + 0.5 1.6 + 0.4 
18 hrst 1.7 + 0.6 3.1 -= 3.6 
24 hrst 17 £0.2 3.1 + 0.8 
30 hrst 2.1 + 0.4 4.2 + 0.8 


*Pain scores were collected at 6-hour intervals after arrival in ICU. No 
dat were collected during the first 6 hours because patients were still 
asleep. Each value represents a point on a 25-cm linear analogue scale; 1 = 
no pain, 10 = most severe pain imaginable. Data are presented as mean + 


2). Postoperatively, there were no significant differ- 
ences in time to extubation and arterial blood gas 
tensions after extubation (Table 3), or in length of 
hospital stay. 

Although the pain scores between groups were 
not significantly different at any time interval tested 
(Table 4), the total amount of IV morphine required 
by group II was significantly greater than that re- 
quired by group I both 24 (5.4 + 1.5 vs 1.8 + 0.7 mg) 
and 30 hours (8.3 + 1.9 vs 2.4 + 0.8 mg; Fig. 1) after 
intrathecal injection. Also, after 24 hours in the ICU, 
patients in group II had required significantly more 
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Figure 1. Postoperative supplemental IV morphine requirements. 
Data were recorded 24 and 30 hours after intrathecal injection. 
Group I received intrathecal morphine 0.5 mg; group II received 
intrathecal saline. 


nitroprusside than those in group I (89.1 + 18.4 vs 
58.1 + 29.0 mg; Fig. 2). Although P values were not 
significantly different for the frequency of adminis- 
tration of nitroglycerin and hydralazine, as compared 
individually by the Mann-Whitney U test, there was 
a statistically increased need for antihypertensive 
drugs by patients in group IJ for all three antihyper- 
tensive drugs compared as a group by the average 
rank test. 

Those patients were identified who were given 
neither morphine nor sodium nitroprusside during 
the first 24 hours after intrathecal injection of either 
morphine or placebo (Table 5). Significantly more 
patients in the study group did not require any 
morphine (63 vs 21%) or nitroprusside (50 vs 14%) 
postoperatively. Five patients (31%) in group I did 
not require either drug, and there were no such 
patients in group H. 

Side effects were minimal in both groups: two 
patients in the saline group required treatment for 
nausea and vomiting, and one patient in the mor- 
phine group had mild pruritis that did not require 
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Table 5. Postoperative Morphine and Nitroprusside 
Requirements” 


Group I Group H 
Morphine Placebo 
n (Total patients) 16 (100%) 14 (100%) 
Patients receiving no IV 10 (63%) 3 (21%) 
morphinet 
Patients receiving no 8 (50%) 2 (14%) 
nitroprussidet 
Patients receiving neither IV 5 31%) 0 (0%) 


morphine nor nitroprusside} 


“All data represent the first 24 hours postintrathecal injection. 
tP < 0.05. 
P = 0.06. 


treatment. There was no late respiratory depression 
and no naloxone was required. No spinal headaches 
occurred, and no local bleeding problems related to 
heparinization after lumbar puncture were noted. 


Discussion 


The ideal anesthetic technique for CAB surgery 
should provide, in addition to intraoperative cardio- 
vascular stability, a stable and pain-free recovery. 
High dose IV narcotics, whether given by the front- 
end loading method or by the continuous infusion 
method, certainly have brought current practice 
closer to this ideal. We reasoned that the cerebral 
spinal fluid (CSF) levels of morphine after intrathecal 
administration, which are orders of magnitude 


higher than the CSF levels achieved with parenteral 
administration (13,14), might produce salutary effects 
on recovery from CAB surgery. Our study, although 
based on only 30 patients, demonstrated a significant 
reduction in analgesic and antihypertensive drug use 
in the ICU in those patients receiving intrathecal 
morphine. The price paid was a lumbar puncture 
before induction of anesthesia. 

In designing our study, we decided to focus on the 
postoperative period. Our impression before the 
study was that there was little apparent intraopera- 
tive hemodynamic difference between patients re- 
ceiving 0.5 mg intrathecal morphine and those receiv- 
ing a standard narcotic anesthetic. Chester et al. (15) 
support this impression with a recent study, in which 
they were unable to demonstrate hemodynamic dif- 
ferences intraoperatively between patients under- 
going major abdominal surgery who received 1.0 mg 
of intrathecal morphine and controls. In studying 
pharmacokinetic aspects of intrathecal morphine, 
Nordberg et al. (16) have shown that onset of thorac- 
ic analgesia is delayed with lumbar injection. Al- 
though the Vincenty study (10) did show decreased 
use of intraoperative nitroglycerin in their intrathecal 
morphine patients, their initial dose was 10 mg. We 
believed that this large dose, which most probably 
achieved high thoracic CSF levels early enough to be 
a major intraoperative factor, might predispose to 
respiratory depression 24 hours after injection, when 
our patients would be extubated. Consequent- 
ly we limited our study to the smaller dose and 
concentrated on the examination of post-operative 
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analgesia and hemodynamics. We did, however, look 
at the numbers of patients who required intraopera- 
tive isoflurane titration or vasodilator therapy and, as 
expected, were unable to demonstrate significant 
differences (see Table 2). 

The intrathecal injection of narcotics in patients 
about to be heparinized might be questioned. Owens 
et al. (17) described a patient who was heparinized 2 
hours 15 minutes after a technically difficult diagnos- 
tic lumbar puncture. Sixteen hours later the patient 
became paraplegic. Despite timely surgical explora- 
tion and drainage of a spinal hematoma, he remained 
paralyzed. In a literature review, Owens et al. (17) 
found 33 cases of spinal hematoma reported since 
1911, with 26 cases, or 79%, involving patients with 
evidence of hemostatic abnormality from anticoagu- 
lants, thrombocytopenia, coagulopathy, or antiplate- 
let therapy. 

Although aware of the theoretical possibility of a 
spinal or epidural hematoma occurring with our 
protocol, we were satisfied with its safety based on 
the work of Rao and El-Etr (18) and Matthews and 
Abrams (9). The former investigators demonstrated 
that careful technique and willingness to postpone 
surgery after a difficult or bloody tap resulted in no 
cases of subarachnoid hematoma in 847 patients who 
had continuous spinal anesthesia initiated before 
being heparinized for vascular surgery. A 17-gauge 
Tuohy needle was used to place the catheter. Al- 
though the size of the spinal needle was not reported 
by Owens et al. (17) it may be assumed that an 18- or 
20-gauge needle was used, because a diagnostic lum- 
bar puncture includes measuring opening pressure, 
and this requires a larger needle. The use of 25- or 
26-gauge spinal needles is relatively recent. One 
might speculate that the already rare complications 
reviewed by Owens et al. (17) might be further 
reduced or even eliminated by the use of small-gauge 
needles in combination with the cautious technique 
demonstrated by Rao and El-Etr (18). We now, how- 
ever, avoid the use of 22-gauge spinal needles (pre- 
viously used in elderly patients with osteoarthritis) 
and rely on the 25- or 26-gauge needles. Between 
1984 and 1987, approximately 1000 of our patients 
undergoing cardiac surgery have received spinal nar- 
cotics without any associated neurologic complica- 
tions. 

Because of the possibility of a spinal hematoma, 
the recommendations made by Owens et al. (17) 
deserve attention, especially regarding their admon- 
ishment to monitor closely neurologic status postop- 
eratively. This is a theoretical objection to our tech- 
nique, because most CAB patients are unconscious 
for several hours after operation, precluding an accu- 
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rate initial postoperative neurologic exam. Unlike 
most of the patients in their review, however, our 
patients all had their heparin reversed intraopera- 
tively with protamine. 

Were the results we obtained worth the theoretical 
risk of lumbar puncture? One might certainly ques- 
tion the clinical importance of the decreased postop- 
erative morphine requirements that we demon- 
strated. Nevertheless, it is noteworthy that any 
significant difference at all in postoperative narcotic 
requirements was found in our patients receiving 
high dose sufentanil anesthesia, and this attests to 
the potency of intrathecal morphine. We suspect that 
this decreased analgesic requirement, which alone 
might not be enough of a valid reason for giving 
the intrathecal morphine, may be associated with 
an improved neuropsychiatric postoperative course. 
Cohen and Woods (19) studied such phenomena 
in postcesarean patients treated with epidural mor- 
phine by examining ambulation and mother-infant 
bonding. Future research that quantifies this com- 
bination of alertness and analgesia by examining 
coordinative and reactive skills (20) may be indicated 
in cardiac surgery patients given intrathecal mor- 
phine. Certainly neuropsychologic dysfunction after 
cardiopulmonary bypass is not a negligible problem 
(21). 

The second benefit shown in our trial was a 
significant decrease in postoperative administration 
of vasodilators. The 35% reduction in use of sodium 
nitroprusside in patients given intrathecal morphine 
suggests that they were more hemodynamically sta- 
ble than were patients not given intrathecal mor- 
phine, perhaps because of lower postoperative 
plasma catecholamine levels. The across-the-board 
reductions in antihypertensive medications shown by 
the average rank test corroborates this trend. Fewer 
infusions of vasoactive drugs decrease the chance for 
medication error and reflect a generally more benign 
course. 

Further evidence of the efficacy of intrathecal mor- 
phine in the CAB patient was reflected by the in- 
creased number of patients during the first 24 hours 
after injection who required either no IV postopera- 
tive opiates or no sodium nitroprusside (Table 5). In 
addition, 31% of the 16 study patients were given 
neither drug during the first day, compared with 
none of the 14 placebo patients. 

Whether or not these benefits are worth the min- 
imal chance of such a devastating, if extremely rare, 
complication as a spinal hematoma is not clear. 
Perhaps further research can answer this question, 
both by confirming and elaborating on the benefits 
we have demonstrated, and by defining the risks of 
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the technique in the cardiac surgery patient popula- 
tion. 

Several points regarding drug dosage deserve 
comment. A recent study examining intrathecal opi- 
ates for post-thoracotomy pain used 10 ug/kg intra- 
thecal morphine (or 0.7 mg for a 70-kg patient) (8). 
This dose is slightly larger than our fixed 0.5-mg 
dose, which seems appropriate given that the 
amount of chest pain experienced by patients after a 
thoracotomy is greater than that after a median 
sternotomy (22). 

An additional point involving IV morphine dosage 
is that even though patients in our control group 
needed significantly more IV morphine postopera- 
tively than did our patients given intrathecal mor- 
phine, the cumulative IV morphine needed by the 
control group (5.4 + 1.5 mg) was relatively small for 
24 hours. The reasons for this are probably threefold. 
First, our patients received a moderate to large dose 
of sufentanil (7 ug/kg) for anesthesia and probably 
had analgesic blood levels persisting into the ICU 
period. Second, nurses were instructed to administer 
morphine only for complaints of pain, and not to use 
it for its sedative properties. Finally, the 24- and 
30-hour totals for IV morphine were summated be- 
ginning with time of intrathecal injection, and thus 
represent only about 18 and 24 hours of ICU time, 
respectively, as the initial 6 hours were spent in the 
operating room. 

Time to extubation and arterial blood gas tensions 
after anesthesia were not significantly affected by the 
use of intrathecal morphine. A feared complication of 
intrathecal narcotics is respiratory depression or even 
arrest (23,24). For this patient population, intubated 
and in the ICU, such events, even if they had 
occurred, could be dealt with safely and rapidly. 
Similarly, urinary retention, also a well known ad- 
verse effect of epidural and intrathecal narcotics (25) 
was not a problem because all patients underwent 
perioperative urinary catheterization. Of the remain- 
ing potential side effects, pruritis, nausea and vomit- 
ing, and spinal headache were not a problem in our 
patients. 

In summary, the use of 0.5 mg of intrathecal 
morphine, administered before heparinization, pro- 
vided potential benefits to our cardiac surgical pa- 
tients in terms of both postoperative pain control and 
hemodynamic stability. Further study is needed to 
determine the optimal dose of intrathecal opiate that 
will optimize analgesic and hemodynamic stability 
while avoiding ae effects that may be associated 
with intrathecal narcotics. Although our patients had 
no serious complications, the safety of lumbar punc- 
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ture in patients about to be heparinized will require 
further study. 





We extend special thanks to Charles Berry, php, C. Craig Molden- 
hauer, MD, Marsha Mettler, RPh, and to the Mercy ICU nursing 
staff and the Mercy cardiothoracic surgeons. Without their help the 
above study would have been impossible. A. H. Robins supplied 
the preservative-free morphine. 
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The role of the kidney in sufentanil elimination or metabo- 
lism has not been defined. The effects of chronic renal failure 
(CRF) on the pharmacokinetic profile of sufentanil were 
evaluated in six adolescent patients undergoing renal trans- 
plantation, and these findings were compared with data 
from age-matched control patients with normal renal func- 
tion who were undergoing other surgical procedures. Pa- 


cufentanil, a potent synthetic opioid congener of 
fentanyl, is approximately five to ten times more 
potent than is fentanyl and has a high margin of 
safety (1,2). Sufentanil is highly lipophilic and highly 
protein-bound. It distributes rapidly and extensively 
to all tissues. Although the pharmacokinetics of su- 
fentanil have been studied in adults (3), data regard- 
ing the pharmacokinetics of sufentanil in children are 
limited (4,5). Chronic renal failure (CRF) is known to 
severely decrease a child’s growth (6-11). Because of 
the physiologic and anatomic changes associated 
with CRE, the distribution and elimination of intra- 
venous anesthetic agents may be unpredictable. Al- 
tered protein binding, a frequent finding in patients 
with renal disease (12,13), can change free-drug con- 
centration and thereby influence a drug’s volume of 
distribution, rate of clearance, and pharmacodynamic 
properties. In addition, other pathophysiologic ef- 
fects of CRF and/or dialysis can modulate drug dis- 
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tients with CRF weighed significantly less than did the 
control patients (28.7 + 5.7 vs 44.7 + 12.9 kg [mean + 
sp]). Although there was no statistical difference in the rate 
of clearance or apparent volume of distribution and half-life 
between the two groups, clearance and half-life were more 
variable among patients with CRF. In these patients, 
therefore, sufentanil dose must be carefully administered 
based on responses elicited in individual patients. 


Key Words: ANALGESICS—sufentanil. 
PHARMACOKINETICS—sufentanil. 
KIDNEY, RENAL FAILURE—sufentanil. 


tribution and metabolism. Therefore, we designed 
this study to evaluate the pharmacokinetics of sufen- 
tanil in adolescent patients with normal and abnor- 
mal renal function. 


Methods 


Twelve patients, 10 to 15 years old, who were sched- 
uled for surgical procedures and anesthesia that 
necessitated invasive monitoring were included in 
this study. The procedures in Group 1 (control, n = 6) 
included craniotomy (three patients), exploratory lap- 
arotomy (two patients), and odontoid resection (one 
patient). The mean (+ sp) age in Group 1 was 11.7 + 
3.8 years and the mean weight was 44.7 + 12.9 kg. 
No patient in Group 1 had any evidence of impaired 
renal function. Mean blood urea nitrogen and creat- 
inine levels in Group 1 were 10.2 + 3.5 and 0.6 + 0.2, 
respectively. Patients in Group 2 (n = 6) had docu- 
mented CRF requiring either peritoneal dialysis or 
hemodialysis and were scheduled for kidney trans- 
plantation. Their mean age was 11.8 + 1.7 years, 
mean weight was 28.7 + 5.7 kg, and mean blood urea 
nitrogen and creatinine levels were 66 + 14.6 and 8.6 
+ 3.2, respectively. The study was approved by our 
institution’s Human Rights Committee, and in- 
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formed written consent was obtained from both the 
patient and a parent. 

Anesthesia, induced with thiopental 4 mg/kg and 
nitrous oxide in oxygen, was maintained briefly with 
nitrous oxide and halothane until appropriate venous 
and arterial catheters were inserted and tracheal 
intubation accomplished. Pancuronium 0.1 mg/kg 
. Was given to patients in Group 1 and atracurium 0.5 
mg/kg was given in Group 2 to facilitate tracheal 
intubation, control of ventilation, and prevention of 
chest wall rigidity. After halothane had been discon- 
tinued and the end-tidal concentration had decreased 
to <0.10%, sufentanil (3-5 ug/kg) was infused over 1 
minute; nitrous oxide (67%) and oxygen (33%) were 
continued. 

Arterial blood samples for sufentanil analysis were 
obtained 1, 3, 5, 7.5, 15, 30, 45, 60, 90, 120, and 180 
minutes after infusion, or until the time the trans- 
planted kidney was incorporated into the circulation. 
In some patients in Group 1, additional blood sam- 
ples were taken for 6 to 24 hours. However, for the 
sake of comparison, plasma levels only up to 180 
minutes were used to estimate the apparent pharma- 
cokinetics. The blood samples were immediately cen- 
trifuged, and the plasma decanted, stored, and fro- 
zen at 60°C. Sufentanil concentration was 
determined with a specific radioimmunoassay. This 
assay accurately detects 0.5 ng/ml of sufentanil with 
interassay and intraassay coefficients of variation 
<5% over the range of concentrations measured. All 
samples were assayed in triplicate. 

The pharmacokinetic data were analvzed by both 
model-dependent and model-independent methods 
(14-16). For the model-independent methods the 
decay curve of sufentanil concentration (C) versus 
time (t) from 1 to 180 minutes was evaluated. The 
pharmacokinetic parameters were determined by 
standard formulas. The area under the concentration 
curve (AUC) was calculated using the linear trapezoi- 
dal rule calculated to 180 minutes; rate of clearance 
(Cl) was calculated as Cl = dose/AUC; apparent 
volume of distribution at 180 minutes (Vd.,5) = dose 
x AUMC / (AUC)*, where AUMC is the area under 
the curve of the first moment, (C — t) (16). The 
volume of distribution and rate of clearance were 
indexed to weight. The model-dependent computa- 
tions were performed using a weighted nonlinear 
least squares regression program (15). Using stan- 
dard formulas we calculated the distribution half-life 
(t wa) as t = 0.693/a; elimination phase half-life (t 1) 
as 0.693/8. 

The F-ratio test was applied to the results obtained 
by fitting the two-compartment open model to the 
experimental plasma concentration time data. In no 
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Table 1. Pharmacokinetics of Sufentanil in Adolescent 


Patients (Group 1) with Chronic Renal Failure and in . 
Normal Control Patients (Group 2) 


Vdisgo tina aa Clearance 
Group _ (L/kg) (min) (min) (ml-kg~*-min™?) 
1 1.65 + 0.6 2.85 £ 1.7 89.7 + 15.7 16.4 + 6.1 
2 1.28 + 0.62 2.5 + 0.73 76.0 + 32.8 12.8 + 12.0 


Data are means + 5D. 

Abbreviations: Vdjgj, valume of distribution at 180 minutes; tip. 
redistribution phase half-life; timpy elimination phase half-life at a 
minutes. 


patient was the weighted residual sum of the squares 
sufficiently reduced {P = 0.05) by the addition of a 
third compartment (17). Residual plots and the good- 
ness of fit confirmed these findings. Both parametric 
and nonparametric analyses were performed to de- 
termine the statistical significance of the pharmacoki- 
netic profiles between the two groups. Statistical 
significance was assumed for P < 0.05. The kinetic 
parameters for model-dependent and model-indepen- 
dent methods of analysis were compared by linear 
regression. A two-tailed t-test for unpaired data was 
used to compare the mean parameters. 


Results 


The plasma concentration decay curve could be de- 
scribed best by a biexponential equation. Table 1 
summarizes the pharmacokinetic data for both 
groups of patients. There was no statistically signifi- 
cant difference in rate of clearance, half-life, or 
steady-state volume of distribution between the two 
groups. The values for clearance, apparent volume of 
distribution (Vdjg9), and elimination half-life (t a...) 
obtained by both model-independent and model- 
dependent methods were similar. Although there 
was no difference in age between the two groups, 
CRF patients weighed significantly less than the 
control patients (28.7 + 5.7 vs 44.7 + 12.9 kg). 


Discussion 


The pharmacokinetic profile of narcotics can be al- 
tered in renal disease (18,19). Because of the patho- 
physiologic changes associated with renal failure, 
patients with chronic renal failure frequently have 
alterations in protein binding, changes in the vol- 
umes in which drugs distribute, and changes in the 
clearance rates in which drugs are eliminated. In a 
study of the pharmacokinetics of morphine, Chauvin 
et al. (18) found that patients with CRF had similar 
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rates of clearance and half-lives but significantly 
smaller steady-state volumes of distribution, com- 
pared with age- and weight-matched control pa- 
tients. Although CRF did not alter the elimination of 
unchanged morphine, metabolites of morphine accu- 
mulated at higher plasma levels and for longer time 
periods in the patients with CRF. 

Chauvin et al. (19) also studied the pharmacoki- 
netics of alfentanil in adult patients with CRF. The 
clearance and half-life values for alfentanil were sim- 
ilar in renal failure patients and in normal control 
patients. In contrast to the smaller steady-state vol- 
umes of distribution of morphine in CRF, the steady- 
state volumes of distribution of alfentanil in CRF 
patients were significantly larger than those in the 
control patients. However, when the kinetic param- 
eters for alfentanil were corrected for protein binding, 
the steady-state volumes of distribution and rates of 
clearance of unbound drug were similar in CRF and 
control patients. 

There are a few published reports of the elimina- 
tion and metabolism of sufentanil in humans; how- 
ever, the role of the kidney in sufentanil elimination 
has not been defined. As in the studies of morphine 
and alfentanil by Chauvin et al. (18,19), the data in 
our study suggest that in adolescent patients with 
CRF, clearance, apparent volume of distribution, and 
half-life are similar to those in age-matched control 
patients, despite the lower weights of CRF patients. 

Although we found no statistical difference be- 
tween the groups with regard to clearance and elim- 
ination half-life, these indexes were more variable 
among the CRF patients. Whether the degree of 
variability is a consequence of our small sample size, 
the underlying pathophysiology of CRF, and/or dial- 
ysis and its effect on protein binding, or whether the 
variability represents the occurrence of polymorphic 
oxidative metabolism is unclear. Although polymor- 
phic oxidative metabolism has been suggested as an 
explanation for the large variance in the clearance 
values of alfentanil and sufentanil, it has not been 
unequivocally demonstrated (20,21). Fyman et al. 
(22), in a preliminary report of a study of a group of 
ten patients 28-47 years old who were about to 
undergo kidney transplantation, found that patients 
with CRF had similar clearance and half-life values 
for sufentanil but smaller volumes of B-phase distri- 
bution compared with the naaa profiles 
reported by Bovill et al. (3). Fyman et al. (22) in their 
pharmacokinetic calculations included measurements 
of plasma sufentanil concentrations obtained after the 
kidney was revascularized. Nonetheless, their find- 
ings regarding clearance and terminal elimination 
half-life of sufentanil were qualitatively similar to our 
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results. Differences in the actual sufentanil pharma- 
cokinetic values between the study by Fyman et al. 
(22) and ours could be related to differences in age 
and/or severity of the underlying CRF and/or the 
sampling times. 

Our kinetic parameters also differ from the values 
reported in children by Greeley et al. (5). Although 
their adolescent patients had sufentanil clearances 
similar to our control patients, their reported volume 
of distribution and elimination half-life were two-fold 
greater. Differences in the pharmacokinetic profile 
between these two studies of similar aged patients 
may be related to differences in the underlying dis- 
ease states (23,24) and to the length of time that the 
plasma was sampled (25,27). Koren et al. (23) noted 
that the pharmacokinetic profile for fentanyl in in- 
fants and children undergoing corrective procedures 
for congenital heart defects was affected by both age 
and the patient’s underlying hemodynamic state. The 
longer sampling times used by Greeley et al. (5) (4-24 
hours compared with 3 hours in our study) allow for 
detection of other compartments and thus may ac- 
count for the reported larger volume of distribution 
and the resultant longer elimination half-life. In two 
patients in our control group, plasma was sampled 
for 6 hours after sufentanil injection. The longer 
sampling time ue in a similar plasma clearance 
(11.3.2: 3.6: ml: kg .min™ t) but the plasma half-life 
(228 minutes + 73) and volume of distribution (3.3 
Like 20539) Sienifcantly increased. These calculated 
values for half-life and clearance are similar to those 
reported by Greeley et al. (5). We speculated that 
both the absence of kidney function and the revascu- 
larization of the transplanted kidney would influence 
the kinetics of sufentanil. We therefore elected to 
limit plasma sampling to the anephric time period. 
Although the estimate of plasma clearance has ap- 
proximated that reported for longer sampling times, 
it appears that our reported elimination half-life and 
volume of distribution, though descriptive of the 
clinical situation, may not be truly representative of 
the drug’s terminal disposition. We have thus char- 
acterized these pharmacokinetic estimates with a 
sampling period subscript (e.g., Vdjgq). 

In conclusion, CRF, with its alterations in fluid and 
electrolyte homeostasis, does not appear to alter 
significantly the volume of distribution of sufentanil 
in adolescent patients. The lack of a significant dif- 
ference in sufentanil clearance and half-life in adoles- 
cents with CRF in the clinical situation that we 
studied suggests that renal elimination of sufentanil 
is minimal; nevertheless, the wide variability in clear- 
ance and terminal elimination half-life observed in 
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patients with renal failure means that administration 
of sufentanil should be individualized. 
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The Temperature of Bupivacaine 0.5% Affects the Sensory Level of 


Spinal Anesthesia 


R. Stienstra, MD., and J. F. van Poorten, MD 


STIENSTRA R, van POORTEN JF. The temperature of 
biupvacaine 0.5% affects the sensory level of spinal 
anesthesia. Anesth Analg 1988;67:272-6. 


Three milliliters of plain bupivacaine 0.5% was injected 
intrathecally in two groups of 20 patients. Group 1 received 
a solution that had been equilibrated to 37°C, group 2 
received a solution that had been equilibrated to 4°C. Patients 
were kept sitting for 3 minutes after injection. All obseroa- 
tions were observer-blind. The differences between segmental 


It has been shown that anesthetic solutions in vitro 
equilibrate with body temperature within 1 to 2 
minuies (1,2). Accordingly, it is assumed that the 
clinically important densities of anesthetic solutions 
are those measured at 37°C (3). The baricity of a 
solution is the density of that solution divided by the 
density of cerebrospinal fluid. By definition, a solu- 
tion is isobaric if baricity is 1.0000; if baricity is 
>1.0000, the solution is hyperbaric; if less, it is 
hypobaric. 

The plain solution of bupivacaine 0.5% at a tem- 
perature of 4°C has a density of 1.0040 (courtesy of 
Astra, The Netherlands); because the mean density of 
cerebrospinal fluid at 37°C is 1.0003 (1,3), the plain 
solution of 0.5% bupivacaine is slightly hyperbaric. 
At 37°C, the density of plain bupivacaine 0.5% is 
0.9970 (courtesy of Astra, The Netherlands), i.e., the 
solution is slightly hypobaric. The present study was 
undertaken to determine if this difference in baricity 
has any clinical significance. 


Patients and Methods 


Forty male patients (ASA I-I) scheduled for urologic 
surgery under spinal anesthesia were randomly allo- 
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levels of sensory loss between groups 1 and 2 (T4 and T9, 
respectively) and of temperature loss (T3 and T8, respec- 
tively) 10 and 20 minutes after injection of buptvacaine were 
statistically significant. It is concluded that the time needed 
for thermal equilibration in the cerebrospinal fluid and hence 
temperature of the injected solution plays an important role 
in the sensory spread of plain bupivacaine 0.5%. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 
ANESTHETICS, tocat—bupivacaine. 


cated to one of two groups. Each group comprised 20 
patients. All patients received 3 ml plain bupivacaine 
0.5% while sitting; they were kept in the sitting 
position for 3 minutes after completion of the intra- 
thecal injection of the solution and were then turned 
into the supine horizontal position. Patients in group 
1 received a solution that had been previously equil- 
ibrated in a stove (MELAG Apparate GmbH W- 
Germany, type 85) to 37°C for at least 1 day. Patients 
in group 2 received a solution that had been equili- 
brated in a refrigerator to 4°C for at least 1 day. 
Syringes used to administer the bupivacaine solution 
were also equilibrated to 37°C and 4°C, respectively. 
The study was approved by the Ethical Committee of 
our institution and oral consent was obtained from all 
patients. 

Premedication consisted of lorazepam 1 mg orally 
the night before surgery. Before induction of spinal 
anesthesia 500 ml Ringer’s solution were adminis- 
tered by rapid intravenous infusion, followed, after 
completion of the intrathecal injection, by 500 mfof a 
plasma expander (Haemaccel) at a slower rate. Dural 
puncture was performed with the patient in the 
sitting position at the L3-L4 interspace using a stan- 
dard midline or paramedian approach and a 25-gauge 
spinal needle. 

Blood pressure and pulse rate were measured 
before injection (T = 0) and at 5-minute intervals after 
injection for 20 minutes (T = 5-20) using an automatic 


A. 


BUPIVACAINE TEMPERATURE AND SPINAL ANESTHESIA 


Table 1. Characteristics of the Patients Studied 


Delta 1-2 


Group 1 Group 2 

(n = 20) (n = 20)+ {P value) 
Age (yr) 62° 1.935 67-2 1.95 NS 
Length (cm) 175 + 1.39 175. 128 NS 
Weight (kg) 78 + 2.01 75 + 1.46 NS 


*Plain bupivacaine, 37°C. 
tPlain bupivacaine, 4°C. 
Data are mean values + SEM. 


Table 2. Segmental Levels of Loss of Sensation to 
Temperature (Temp) and Pinprick 10 and 20 Minutes 
after Injection 


Delta 

Group 1 Group 2 1-2 (P 

(n = 20) (n = 20)t value) 
Temp 10' (SEM) T4 (0.29) T10 (0.51) <0.002 
Temp 20' (SEM) 3 (0.24) T8 (0.53) <0.002 
Pinprick 10° T5 (0.30) T10 (0.47) <0.002 
Pinprick 20° T4 (0.26) T9 (0.48) =<0.002 


*Plain bupivacaine, 37° 
+Plain bupivacaine, 4°C. 
tData are mean values £ SEM. 


cycling device (Dinamap). ECG was monitored con- 
tinuously. 

Measurements of the levels of sensory changes 
were made 10 and 20 minutes after injection of the 
bupivacaine solution. Sensory loss was measured in 
the anterior axillary line by pinprick using a short- 
bevelled 25-gauge needle. Temperature loss was 
measured using a cold bottle containing a frozen salt 
solution. The segment at which the patient was not 
capable of recognizing the temperature of the bottle 
as well as the segment of loss of sensation to pinprick 
were recorded. Motor blockade was assessed 10 and 
20 minutes after injection using a 0-3 scale as de- 
scribed by Bromage (4). All punctures and observa- 
tions were made by the authors under “observer 
blind” conditions. 

Results are expressed as means + SEM. Statistical 
analysis used the Wilcoxon test for matched pairs for 
intragroup variations and the Mann-Whitney-U test 
for intergroup comparisons. For comparison of dif- 
ferences in motor blockade between the two groups 
the y test according to Yates was used. P < 0.05 was 
taken as indicative of statistically significant differ- 
ences. 


Results 


There were no statistical significant differences be- 
tween the two groups regarding age, height, or 
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Figure 1. Segmental levels of temperature loss (temperature 
spread) and loss of sensation to pinprick (analgesia spread) 20 
minutes after injection, The horizontal axis shows the thoracic 
segment at which temperature loss and loss of sensation to 
pinprick were measured; the vertical axis shows the number of 
patients. The differences between the two groups regarding tem- 
perature and analgesia spread were statistically significant. 
MGroup 1: plain bupivacaine, 37°C; Group 2: : plain bupivacaine, 
PC, 


weight (Table 1). The segmental level of temperature 
loss after 10 minutes was T4 in group 1 and T10 in 
group 2; after 20 minutes, these levels were T3 and 
T8, respectively. The segmental level of loss of sen- 
sation to pinprick after 10 minutes was T5 in group 1 
and T10 in group 2; after 20 minutes these levels were 
T4 and T9, respectively. The differences in sensory 
levels between groups were Statistically significant at 
both 10 and at 20 minutes (Table 2). The ranges of 
levels are shown in Figure 1. The differences in motor 
blockade between the two groups at 10 and 20 min- 
utes were not significant. The distribution of motor 
blockade is shown in Figure 2. 

Systolic blood pressures decreased in both groups, 
decreases being significantly below baseline levels 
after 5, 10, 15, and 20 minutes, the decrease being 
more pronounced in group 1. There was no signifi- 
cant difference in systolic blood pressures at T = 0 
between groups. Differences between decreases in 
systolic blood pressures in both groups were signifi- 
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Figure 2. Degree of motor blockade 10 minutes after injection (A) 
and 20 minutes after injection (B). The horizontal axis shows the 
Bromaze scale: 0 = no motor block; 1 = inability to raise the 
extended leg; 2 = inability to flex the knee; 3 = complete motor 
block. The vertical axis shows the number of patients. Differences 
in motor blockade were statistically not significant. WGroup 1: 
plain bupivacaine, 37°C; OGroup 2: plain bupivacaine, 4°C. 


cant at T = 10. In three patients in group 1 and one 
patient in group 2 the decrease in blood pressure 
necessitated the use of ephedrine. Apart from a 
significant increase in heart rate at T = 5 in group 1, 
heart rates did not change significantly; intergroup 
comparison of the changes in heart rates showed no 
significant difference. Hemodynamic data are sum- 
marized in Table 3. 

In one patient in group 2 (analgesia level T12), 
analgesia was not sufficient and had to be supple- 
mented with nitrous oxide. One patient in group 2 
developed postspinal headache, which was success- 
fully treated with an epidural blood patch. 


STIENSTRA AND van POORTEN 


Table 3. Systolic BP (mm Hg) and Heart Rate (beats/min) 
at Various Times (t) during and after Injection into 


Subarachnoid Space 
Group 1 Group 2 Delta 1-2 
(n = 20)* (n = 20)t (P value) 

Systolic BP 142 (2.96)t 137 (3.80) NS 
(t = 0) 

Systolic BP 128 (3.45) 129 (4.22) NS 
(t = 5) P < 0.001 P < 0.01 

Systolic BP 115 (2.62) 126 (4.14) <0.01 
(t = 10) P < 0.001 P < 0.01 

Systolic BP 118 (2.38) 121 (4.37) NS 
(t = 15) P < 0.001 P< 0.001 

Systolic BP 116 (2.48) 123 (4.26) NS 
(t = 20) P < 0.001 P < 0.001 

Heart rate 77 (4.02) 74 (3.27) NS 
(t = 0) 

Heart rate 81 (3.45) 75 (3.05) NS 
(t = 5) P < 0.05 P = NS 

Heart rate 78 (3.35) 79 (3.04) NS 
(t = 10) P=NS P = NS 

Heart rate 77 (4.82) 74 (2.58) NS 
(t = 15) P=NS P=NS 

Heart rate 73 (4.10) 74 (2.46) NS 
(t = 20) P=NS P = NS 


*Plain bupivacaine, 37°C. 
tPlain bupivacaine, 4°C. 
{Data are mean values + SEM. 


Discussion 


Although the plain solution of bupivacaine 0.5% has 
been recognized as a suitable agent for spinal anes- 
thesia (5-12), one of the major criticisms of its use for 
this purpose is the fact that predictability with regard 
to sensory spread is poor (13-22). Among the factors 
that affect the distribution of local anesthetic solu- 
tions in the cerebrospinal fluid, the baricity of the 
injected solution is well established (3). Although the 
plain solution of bupivacaine 0.5% is slightly hypo- 
baric at 37°C, it is generally regarded and used as an 
isobaric solution (3). , 

In an attempt to explain the absence of difference 
in sensory spread between isobaric and hyperbaric 
solutions of tetracaine, Levin et al. (23) drew atten- 
tion to the possibility that the time needed for ther- 
mal equilibration of a solution injected at room tem- 
perature might be a factor of influence. The 
assumption that injected solutions reach thermal 
equilibration in the cerebrospinal fluid within 1 to 2 
minutes is based on the work of Davis and King (1) 
and Ernst (2); apart from the high room temperatures 
(27°C in the former and 23°C in the latter) both 
studies were in vitro studies. In none of the studies in 
which plain bupivacaine 0.5% was used was temper- 
ature of the injected solution controlled. As is shown 
in this study, injecting bupivacaine 0.5% at 37°C not 
only results in a significantly higher cephalad spread, 


BUPIVACAINE TEMPERATURE AND SPINAL ANESTHESIA 


but also reduces the variability of sensory spread 
considerably, as is shown by a relatively small sem of 
0.3. 

The fact that the cold solution of 4°C changes from 
initially slightly hyperbaric to slightly hypobaric dur- 
ing thermal equilibration in the cerebrospinal fluid 
explains the lower cephalad spread; individual vari- 
ation in the time needed for thermal equilibration 
could well explain the greater variability in sensory 
spread seen with the cold solution. This implies that 
the time needed for thermal equilibration in the 
cerebrospinal fluid is an important factor in determin- 
ing cephalad spread when using plain bupivacaine. It 
seems reasonable to assume that in most clinics the 
temperature of the injectate will be the same as room 
temperature. Because the time needed for thermal 
equilibration is inversely related to the temperature of 
the solution, room temperature itself or the temper- 
ature of the place of storage of the solution becomes 
an important factor. It stands to reason to assume 
that the ensuing levels of sensory blockade after 
injecting bupivacaine 0.5% at room temperature will 
be somewhere between those seen with solutions of 
4°C and 37°C. The fact that room temperature will be 
influenced by geographic location and by the time of 
year might explain, together with individual variation 
in the time needed for thermal equilibration, the great 
variability of sensory spread of plain bupivacaine 
solutions as seen in the literature. 

The decrease in systolic blood pressure was great- 
est in group 1, as might be expected because of higher 
cephalad spread, although statistical analysis showed 
the differences to be significant only at T = 10. When 
Bonferroni’s procedure is applied this difference at T 
= 10 remains significant. Considering the data, we 
believe that the lack of significance at T = 5, T = 15, 
and T = 20 should be explained by a type II error 
being made due to considerable variation in blood 
pressures. 

Apart from a significant increase at T = 5 in group 
1, the heart rates showed no significant changes; 
when Bonferroni's procedure is applied, the increase 
in heart rate at T = 5 in group 1 loses significance; the 
conclusion that it involves a spurious statistical sig- 
nificance seems therefore warranted. As can be seen 
from Figure 2, there were no major differences in 
motor blockade; in all patients motor blockade was 
adequate for surgery. 

In conclusion, under the conditions of the present 
study the time needed for thermal equilibration in the 
cerebrospinal fluid and hence the temperature of the 
bupivacaine 0.5% solution is an important factor in 
determining sensory spread. When using a solution 
that has been equilibrated previously to 37°C, predict- 
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ability of the ensuing level of analgesia is good. In 
case a high level of sensory blockade using bupiva- 
caine 0.5% is desired, the solution should be equili- 
brated to 37°C. 


We are grateful to ASTRA Nederland B.V. for providing us with 
the MELAG stove. 
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Nerve Injury and Musculoskeletal Complaints after Cardiac Surgery: 


Influence of Internal Mammary Artery Dissection and Left Arm Position 
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Upper extremity nerve injury after cardiac surgery 
has been reported in six.prospective studies (1—6). 
The incidence of injury ranged from 1.9 to 18.3% 
(Table 1). The brachial plexus was involved in 80% of 
cases. Possible causes include penetration injury with 
first rib fractures (2,3), needle trauma during inser- 
tion of internal jugular catheters (5,7,8), watershed 
infarcts (9), and stretch or compression injuries asso- 
ciated with sternal retraction (3,5), positioning 
(10,11), or arterial pressure monitoring (8,12). The 
purpose of this study was to determine prospectively 
whether dissection of the internal mammary artery 
(IMA) and position of the left arm influenced the 
frequency of neurologic dysfunction and musculo- 
skeletal complaints after cardiac surgery. 


Materials and Methods 


Two hundred consecutive adults scheduled for me- 
dial sternotomy and cardiopulmonary bypass were 
studied. No written informed consent was consid- 
ered necessary because there was no randomization 
and no deviation from the normal intraoperative 
routine by the five surgeons and seven anesthesiolo- 
gists involved. This study was approved by the 
Hospital Quality Assurance Committee. 
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For convenience in presentation of data the pa- 
tients were classified into four groups: Group A—left 
arm abducted 90°, left internal mammary artery (IMA) 
harvest; Group B—left arm abducted 90°, no IMA 
harvest; Group C—left arm at side, left IMA harvest; 
Group D—left arm at side, no IMA harvest. When the 
left arm was abducted, the elbow was extended and 
the forearm supinated. Care was taken to pad the 
ulnar nerve at the elbow, to limit abduction to no more 
than 90°, and to elevate the arm slightly above the 
plane of the operating room table. The right arm was 
always adducted to the patient’s side. Care was taken 
not to pull the adducted arms and shoulders caudally. 
The arms were held against the patient by the use of 
draw sheets that extended above the elbow. 

Five physician assistants examined the patients 
and completed a detailed questionnaire for every 
patient during the patient's first return visit 1 month 
postoperatively. Only those patients for whom full 
intra- and postoperative data were available were 
included in the analysis. Musculoskeletal complaints 
were defined as pain and limitation of motion in the 
arms, shoulders, or back which were not present 
preoperatively and which required narcotic analgesia 
(acetaminophen with codeine phosphate). Brachial 
plexus injury was defined as the appearance of 
numbness, dysesthesia, or loss of function in the arm 
or forearm or in the distribution of more than one 
peripheral nerve of the hand. A more distal periph- 
eral nerve injury was considered when the deficit was 
confined to digits innervated by a single nerve. 

All patients underwent nonpulsatile cardiopul- 
monary bypass with membrane oxygenation and 
moderate hypothermia. Two-inch 20-gauge nonta- 
pered Teflon left radial or brachial arterial catheters 
were inserted. The left brachial artery was used in 16 
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Table 1. Incidence of Upper Extremity Nerve Injury after 
Cardiac Surgery in Prospective Studies 


Number of Number with 
Source cases nerve injury (%) 
Keates et al. (1) 529 10 (1.9) 
Vander Salm et al. (2) 180 33 (18.3) 
Vander Salm et al. (3) 120 18 (15.0) 
Sotaniemi (4) 100 12 (12.0) 
Hanson et al. (5) 531 32 (6.1) 
Shaw et al. (6) 312 30 (9.6) 
Total 1772 135 (7.6) 
This study 162 16 (9.9) 
Table 2. Patient Characteristics* 
Group 
A B C D 
Age (yri 59.4 (9.1) 61.7 (10.1) 56.5 (8.0} 60.6 (10.7) 
Weight (kg) 79.0 (11.5) 72.2 (13.7) 80.5 (9.1) 73.7 (8.4) 
Male:female ratio 58:9 27:21 30:2 10:5 
Time of 31.0 (10.9) 33.5 (7.6) 34.2 (11.8) 31.7 (6.0) 
examination 
(daysit 


*Values expressed as mean (sp). 
tPostoperative day on which interview and examination for musculo- 
skeletal complaints and upper extremity nerve injury were performed. 


patients after unsuccessful attempts at the ipsilateral 
radial site. Either anterior or high central approaches 
to the right internal jugular vein (terminology of 
Defalque [13]) were used to insert pulmonary artery 
catheters through 8.5F sheaths in all patients. 
Parametric data were analyzed by analysis of vari- 
ance. Nonparametric data and group frequencies 
were compared using x” contingency tables. P < 0.05 
was considered to represent statistical significance. 


Results 


Complete data were available for 162 patients (81%). 
Demographic data are presented in Table 2. The 
male:female ratio was greater in groups A and C 
because the smaller IMAs in females were often 
considered unsuitable for grafting. The weight differ- 
ences reflect the differences in the sex ratio. There 
were no associations of injury with age, sex, weight, 
anesthesiologist, or surgeon. Patients cared for by 
one anesthesiologist had both arms adducted. The 
preference of all other anesthesiologists was to val 
duct the left arm. 

Twelve of the 16 upper extremity nerve injuries 
observed involved the brachial plexus: 7 were left- 
sided, 4 were right-sided, and 1 was bilateral. The four 
peripheral nerve injuries were on the left side: three 
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Table 3. Distribution of Thoracic Musculoskeletal 
Complaints and Upper Extremity Nerve Injury after 
Cardiac Surgery 


Number of 
patients Nerve injury 
Left M-S 
Group arm IMA _ Total complaints Left Right 
A 99° yes 69 28 (41) 7 (10) (4 
B 90° no 49 11 (22) 3 (6) 0 (0) 
C 0° yes 30 11 (37) 2 (7) 2 (7) 
D O° no 14 0 (0) 0 (0) 0 (0) 


Abbreviations: IMA, harvest of internal mammary artery; M-S, muscu- 
loskeletal; nerve injury-upper extremity nerve injury. Percent incidences are 
in parentheses. 

*One patient with bilateral injury counted both as left and right. 
Difference in M-S complaints between A + C and B + D is statistically 
significant. Difference in nerve injury is not significant. 


involved the ulnar nerve, one the median nerve. The 
brachial artery was not cannulated in these four pa- 
tients. The lower trunk, medial cord, or ulnar branch 
of the brachial plexus was involved in 15 of the 16 
upper extremity nerve injuries. None of the patients 
felt that they had significant functional disability. The 
male:female ratio of the injured patients was 13:3. 

The distribution of injuries (Table 3) indicates that 
39% of patients with IMA grafts (Groups A and C) 
had musculoskeletal complaints and/or neurologic 
dysfunction as compared with 17% without IMA 
grafts (Groups B and D). This difference was statisti- 
cally significant. However, when upper extremity 
nerve injuries alone were compared, there were no 
differences attributable to IMA dissection. 

Comparison of Groups A and B with Groups C 
and D revealed no differences in musculoskeletal 
complaints or neurologic dysfunction related to left 
arm position. There appeared to be a trend toward an 
increase in nerve injury related to abduction of the 
left arm and subsequent harvest of the IMA, but 
statistical significance was not achieved. 

One anesthesiologist (Groups C and D) recorded 
the arterial trace during chest retraction for the IMA 
harvest. Loss of arterial trace, which has been previ- 
ously reported (14), occurred in 4 of 47 patients (8.5%). 
One of these four had significant interscapular pain 
but none suffered upper extremity nerve injury. 


Discussion 


The 9.9% incidence of upper extremity nerve injury 
in this study is similar to that in several previously 
reported prospective studies (see Table 1). Like 
Vander Salm et al. (2), we found that left arm position 
did not influence injury. In 61% of patients in this 


CLINICAL REPORTS 


study IMA dissections were performed. There was no 
correlation between this procedure, left arm position, 
and brachial plexus injury. Thus two maneuvers that 
can stretch the brachial plexus did not appear to 
predispose it to injury (2,5). 

Placement of an internal jugular cannula has been 
implicated as a cause of brachial plexus injury after 
cardiac surgery (5,7). Despite the fact that right 
internal jugular catheters were inserted in all our 
patients, the majority of nerve injuries occurred on 
the left side. It has been reported that 10% of internal 
jugular catheterizations produce paresthesiae (15). 
Because the incidence of persistent paresthesiae after 
brachial plexus block has been reported as varying 
between 1.4 and 5.6% (16), the expected incidence of 
nerve injury associated with internal jugular cathe- 
terization would be 0.56% or less. Use of larger 
needles with an A bevel (16) might increase the 
expected incidence closer to the 2.5% observed in this 
study on the side ipsilateral to the internal jugular 
cannula. Nonetheless, insertion of central lines is not 
the major cause of upper extremity nerve injury. 

This study was not designed to establish the time 
course of the neurologic injuries. We did not look for, 
and patients did not complain of, these injuries 
during their immediate postoperative hospitalization. 
Failure to diagnose injuries associated with relatively 
minor functional impairment is not unique to our 
institution (17). Longitudinal studies suggest these 
injuries are apparent in the first week, perhaps inten- 
sify in the second and third weeks, and resolve with 
6 months. In a few patients the deficits persist be- 
yond 1 year (1,5-7,16). 

Vander Salm et al. (2,3) have documented that 
median sternotomy can cause first rib fractures and 
that fractured first ribs can penetrate the brachial 
plexus. They propose a mechanism for nerve injury 
that satisfies the observation in all studies that the 
predominant lesion involves the lower trunk (C8-T1), 
inferior division, medial cord, or ulnar branch of the 
brachial plexus: ‘’. . . increasing amounts of nerve 
injury occur from increasing amounts of first rib 
displacement, with severe injury caused by rib frac- 
ture” (3). Because the standard chest x-ray film is an 
insensitive method of detecting first rib fractures, 
special oblique views must be utilized (3). 

In summary, we found a 10% incidence of upper 
extremity nerve injury after cardiac surgery, an inci- 
dence not influenced by arm position, IMA dissec- 
tion, or internal jugular vein catheterization. Surgical 
manipulations may be the cause of most upper ex- 
tremity nerve injury in this setting, but x-ray docu- 
mentation of first rib fracture and nerve conduction 
studies are necessary to support this contention. We 
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also demonstrated an association between musculos- 
keletal complaints and harvest of the IMA. Patients 
with these symptoms were still requiring narcotic 
analgesia 1 month after their surgery. 


We thank the nurse assistants in the cardiothoracic operating 
rooms and physician assistants on the cardiothoracic surgery 
service at North Carolina Baptist Hospital for help in gathering 
data, and Mrs. E. Simpson and Mrs. Debbie Richards for secretarial 
help. 
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Hypoxemia (Sao, 90%, Pao, 58 mm Hg) in the 
recovery room (RR) is well documented in both the 
pediatric (1) and adult (2) population. The possibility 
of hypoxia during transport from operating rom (OR) 
to RR was examined by Tyler et al. (3) in the adult 
population; they reported that 35% of their patients 
were hypoxic and 12% severely hypoxic (Sao, <85%, 
Pao, 50 mm Hg). They attributed this high incidence 
of hypoxemia to obseity, NO diffusion, and decrease 
in functional residual capacity (FRC) below closing 
capacity resulting in ventilation/perfusion imbalance. 
However, we know of only one other report studying 
the pediatric population for oxygen desaturation 
(Sao) during transport from OR to RR (4). 

To study the pattern of Sao, in healthy pediatric 
patients during transport from OR to RR has been 
made simple by the availability of the noninvasive 
pulse oximeter (Nellcor). This tool is easy to use, 
gives continuous oxygen saturation readings and, 
above all, has good correlation with arterial samples 
(5). We used this simple, widely accepted device to 
monitor desaturation in the healthy pediatric popu- 
lation during transport from OR to RR. 


Methods 


Informed consent from parents was obtained follow- 
ing the institutional guidelines on human experimen- 
tation. 60 ASA I and IJ patients between 1 month and 
14 years of age were entered into the study. Patients 
were classified into three subgroups: group 1, 0-6 


Received from the Department of Anesthesia and Community 
and Family Medicine, Georgetown University Medical Center, 
Washington, D.C. Accepted for publication November 4, 1987. 

Address correspondence to Dr. Kataria, Department of Anes- 
thesia, Georgetown University Medical Center, 3800 Reservoir 
Road, N.W., Washington, D.C. 20007. 


©1988 by the International Anesthesia Research Society 


months of age (n = 10); group 2, 7-12 months of age 
(n = 10); and group 3, 13 months—14 years of age (n = 
40). These patients underwent elective outpatient 
surgery of various durations. The distribution of the 
various types of surgery according to group is in 
Table 1. The duration of anesthesia for each group is 
displayed in Table 2. No premedication was given 
and none of the patients received any regional block 
(caudal) for postoperative pain relief. 

All patients in group 1 and group 2 were induced 
by inhalational anesthesia. In group 3, in addition to 
the mask, intravenous thiopental or rectal brevital 
were also used for induction. Eight patients also 
received atracurium. Anesthesia was maintained 
with oxygen, nitrous oxide, and’ halothane. There 
was no difference in the maintenance concentration 
of halothane between the three groups; the latter did 
not exceed 1.5% inspired concentration. The Maple- 
son D partial rebreathing circuit with controlled or 
assisted ventilation was used on all patients. Muscle 
relaxants were reversed with atropine 0.03 mg/kg and 
neostigmine 0.06 mg/kg. Adequacy of muscle relax- 
ant reversal was tested clinically and by peripheral 
nerve stimulator. None of the patients received any 
narcotics during the case. At the end of the proce- 
dure, after extubation, or at the end of mask anesthe- 
sia, 100% O, was given for 3 minutes. The oxygen 
was then discontinued and the patients moved to the 
RR in the left lateral position, as is done routinely at 
our institution to prevent airway obstruction and to 
minimize risk of aspiration. Sao, was measured by © 
securing the pulse oximetry sensor on the toe or 
finger of the patient during transport from OR to RR. 
All the patients had a temperature above 36°C. 

Only one data point was collected for each patient, 
which represents the lowest Sao, occurring during ~ 
transport. Transportation lasted 120-180 seconds and 
was consistent in this range because of our physical 
facilities and the time required to move and position 
the child on the stretcher. On arrival in the RR all 
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Table 1. Type of Surgery According to Group 


Type of Group | Group 2 Group 3 
surgery (z = 10) (n = 10) (n = 40) 
Eye 4 3 1] 
Ear 0 2 iS 
Urology 2 3 6 
Hernia 4 2 8 


Table 2. Duration of Anesthesia in Minutes 


Group 1 Group 2 Group 3 
Mean 56.5 49.5 48.12 
SD +29,3 +33.45 +36.99 
Table 3. Sao, during Transport from OR to RR 
Minimum Maximum 
value value Mean SEM 
Group 1 82.0 93.0 88. 1* 1.20 
(0-6 months old, 
n = 10) 
Group 2 85.0 97.0 91.8" 1.0 
(7-12 months oid, 
n = 10) 
Group 3 89.0 100.0 93, 3* 0.47 
(13-14 years old, 
n = 40) 


*P < 0.0001. 


patients were given O, and the study was termi- 
nated. Eight patients who were coughing or re- 
mained intubated or on whom the sensor came apart 
during transport were excluded from the study. 

Data obtained were first analyzed using one-way 
analysis of variance. Then Tukey’s Studentized 
Range test was used to determine which group was 
significantly different. P < 0.05 was considered sta- 
tistically significant. 


Results 


Results are shown in Table 3. All patients had ade- 
quate airway and ventilation during their transporta- 
tion as judged by air movement through the mouth 
and/or nostrils and by observation of chest movement 
and by the precordial stethoscope. 

Sao, was 100% in all patients before moving from 
the OR. Mean Sao, during transport for all patient 
groups was 93.5 + 0.55% with a range of 82-100% . 
Mean saturation ranged from 88.12 + 1.2% in group 
1; 91.8 + 1.0% in group 2, and 93.39 + 0.47% in group 
3. The analysis of variance revealed significant differ- 
ences among the three group means. 
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Difference between mean saturations for group 
comparison was highest between groups 1-3 (7.29) 
followed by 1-2 (3.70) and 2-3 (3.59). All values are 
significant at the 0.05 level. The duration of anesthe- 
sia in the three groups is compared in Table 2. There 
was no statistically significant difference among the 
groups. 


Discussion 


In spite of 3 minutes’ postanesthetic oxygenation, 
most pediatric patients desaturate rapidly during 
transfer to the RR. This desaturation is most notable 
in the 0-6 month age group, followed by the 7-12 
month age group and least in the 13 month-14 year 
age group. We have considered various mechanisms 
potentially responsible for this occurrence. 

Several aspects of infant physiology may explain 
marked desaturation seen in the youngest infants. 
Four patients in group 1 were only 1 month old. At 
this age the concentration of fetal hemoglobin (Hb F) 
is 50%, declining to 10-15% by 4 months. We did not 
directly examine the role of Hb F on tissue oxygen 
supply, but some assumptions can be made on the 
basis of available data. In the presence of Hb F, tissue 
oxygen availability is diminished as the Hb dissocia- 
tion curve is shifted to the left. Concurrently, during 
the first 6 months of life, oxygen consumption 
reaches its first peak. The Hb dissociation curve does 
not change under anesthesia unless acid-base homeo- 
stasis is radically upset. Thus in these four patients 
postoperative oxygen saturation does not represent 
the same tissue oxygen availability as in older chil- 
dren with adult type hemoglobin. Potentially, 
younger children are at worst risk from hypoxemia 
than older children. 

Halothane may contribute to transient postopera- 
tive desaturation in a variety of ways, most notably 
through muscle fatigue. During and after halothane 
anesthesia, chest wall expansion is altered through 
intercostal muscle fatigue and inhibition, resulting in 
rib cage retraction and the unopposed action of the 
diaphragm. The combination of these factors under 
halothane anesthesia distorts the chest wall causing 
lower lung volumes. This effect is most significant in 
young infants (6,7). 

A less likely factor would be a difference in body 
stores of halothane among the three groups. Mainte- 
nance halothane concentrations were identical in all 
three groups, not exceeding 1.5% inspired concentra- 
tion. The only difference occurred during induction. 
Groups 1 and 2 were induced using halothane with 
inspired concentration reaching 3%. However, this 
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brief duration of induction is unlikely to contribute 
significantly to body halothane stores. In addition, 
faster elimination in these groups is likely to offset 
any such effect. Also, there was no significant differ- 
ence in the duration of anesthesia among the three 
groups—another possible cause of halothane tissue 
buildup. 

The type of surgery cannot be responsible on its 
own for postoperative hypoxemia. Although there 
were twice aS many inguinal herniorrhaphies in 
group 1 as in groups 2 and 3 (see Table 1), the other 
six patients in this group showed similar desaturation 
without pain-related abdominal splinting causing di- 
minished ventilation. 

The infant’s pulmonary physiology is different in 
many respects from that of older children and these 
differences make him or her more prone to hypoxia. 
Instability of the small airways with closure within 
the tidal volume due to lesser elastic recoil and 
diminished distensibility of the lungs occur in infancy 
even without the effect of general anesthesia (8). 
Under general anesthesia, functional lung capacity is 
markedly reduced in infants and children, resulting 
in airway closure and increase in A-aDO, (9) that may 
well continue in the postoperative period during 
transport from OR to RR. 

Barbiturates, either rectal metohexital or IV thi- 
pental were only utilized in group 3. Saturation in 
this group was least affected. 

Narcotics significantly depress the ventilatory re- 
sponse to hypoxemia as well as hypercapnia and may 
cause hypoxemia secondary to hypoventilation (10). 
Though none of our patients received narcotics, re- 
sults might have been different had they received 
narcotics in addition to inhalation anesthesia. Trace 
concentration of inhalation anesthetic may depress 
hypoxic drive in these patients (11), resulting in 
respiratory depression and further hypoxemia. 

Traditionally, healthy, low-risk pediatric patients 
are transported from the OR to RR without supple- 
mental oxygen. There has been no case report in the 
literature implicating this short period of hypoxemia 
in the development of any irreversible cardiovascular 
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or central nervous system effects. However, such 
potential does exist because any of these pediatric 
patients may have airway obstruction, prolonged 
coughing, vomiting, or respiratory depression during 
transportation. 

This discussion attempts to elucidate the various 
possible mechanisms that may be responsible for 
transient postoperative hypoxemia. Differences in 
infant physiology appear to be the main causative 
factor. Pulse oximetry is a simple method to quanti- 
tate the resulting desaturation. Rapid transport to the 
RR and/or supplemental oxygen is recommended to 
avoid potential hypoxia in the very young. 
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Hemorrhage from dilated esophageal varices repre- 
sents the most serious complication of portal hyper- 
tension secondary to chronic liver disease. Thirty 
percent of cirrhotic patients with demonstrated 
esophageal varices will bleed, and 60% of those 
patients who have hemorrhaged once will rebleed 
massively within a year (1). 

As anesthesiologists, we are frequently confronted 
with the patient with known hepatic disease, portal 
hypertension, or history of esophageal varices. There 
are case reports in the surgical and anesthesia litera- 
ture of instrumentation of the esophagus causing 
catastrophic esophageal variceal hemorrhage. Zollin- 
ger and Nick (2) have stated that nasogastric instru- 
mentation is “routinely used except when physical 
signs of cirrhosis are recognized.” Other writers have 
supported this view (3,4). There have also been 
studies in the medical literature of variceal rupture 
during gastroscopic or esophagoscopic procedures 
(5,6). Because of these reported complications, clini- 
cians have felt reluctant to place nasogastric tubes 
and esophageal stethoscopes in patients with known 
esophageal varices. Despite these reports, Lopez- 
Torres and Waye (7) studied 24 patients who were 
alcoholic cirrhotics with esophageal varices and re- 
cent episodes of upper gastrointestinal bleeding and 
found no increased incidence of bleeding secondary 
to esophageal instrumentation. Their conclusion was 
that avoidance of esophageal instrumentation in pa- 
tients with chronic liver disease because of fear of 
hemorrhage may not be justified. 

In support of this view, we present our data 
derived from patients with hepatic pathology who 
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underwent orthotopic liver transplantation at our 
institution from March 1985 to March 1987. This 
study was approved by the Mayo Clinic Human 
Rights Committee and the Institutional Review 
Board. 


Methods 


During the period of study, 75 patients with end- 
stage hepatic disease underwent orthotopic liver 
transplantation. These patients underwent extensive 
preoperative evaluation including coagulation pro- 
files and esephagogastroscopy. 

During esophagogastroscopy each patient was ex- 
amined for the presence of esophageal varices and, if 
found, the varices were graded according to severity. 
This grading system, described by Baker et al. (1), is 
based on variceal fundamental color, form of varices, 
size, and location. 


Grade 0—No varices present. 
Grade |-——-One or more varices <4 mm in diameter, 
<4 cm in extent. 
os Il—One or more varices 4-10 cm in extent, 
enlarged, tortuous. 
Grade [11—One or more large-sized varices extend- 
ing >19 cm of extent of esophagus. 


The preoperative records of each patient were also 
examined for any previous history of upper gastroin- 
testinal tract bleeding, esophageal pathology, or 
esophageal variceal sclerosal therapy. All patients 
underwent extensive coagulation testing to deter- 
mine the presence and/or extent of coagulopathy 
secondary to liver disease. Preoperative tests in- 
cluded IVY bleeding time, prothrombin time, acti- 
vated partial thromboplastin time, and platelet count. 

All patients undergoing liver transplantation dur- 
ing this peried of study has rapid-sequence induction 
of anesthesia with thiopental 3-5 mg/kg followed by 
succinylcholine 1.5 mg/kg. After orotracheal intuba- 
tion, an 18F Standard Salem sump nasogastric (NG) 


284 ANESTH ANALG 
1988;67:283-5 


Table 1. Primary Diagnoses of Patients Undergoing 
Orthotopic Liver Transplantation 


No. of 

Diagnosis patients 
Primary sclerosing cholangitis 27 
Primary biliary sclerosis 21 
Chronic active hepatitis 11 
Cryptogenic cirrhosis (non-A, non-B hepatitis) 6 

Subacute hepatic failure 

Fulminant hepatitis 2 
Biliary atresia 1 
Atrophic liver secondary to portal hypertension 1 
Biliary hypoplasia 1 
Primary bile duct cancer 1 
Hepatocellular carcinoma 1 
Total 75 


tube and 24F Sheridan Sonatemp esophageal stetho- 
scope were blindly placed with Americaine anesthetic 
lubricant. All of the Salem sump NG tubes were 
connected to either continuous or intermittent suction 
throughout the intraoperative period and the presence 
or absence of blood in the aspirate was recorded. 


Results 


The 75 patients presented with multiple etiologies of 
primary hepatic disease. Table 1 reports the distribu- 
tion of diagnoses in this patient population. All 
patients included in this study were considered to 
have end-stage hepatic disease. Many patients were 
in severe hepatic failure at the time of presentation as 
manifested, for example, by hepatic encephalopathy, 
hepatorenal syndrome, profound elevation of liver 
function tests, and hemodynamic instability. No pa- 
tient in this study was actively bleeding from a 
gastrointestinal source at the time of surgery. Because 
of the wide range of clinical severity at the time of the 
transplant procedure, we feel this patient population 
was fairly representative of patients with chronic liver 
disease, not actively bleeding, who may present to 
the operating room for other surgical procedures. 
Table 2 indicates the preoperative coagulation sta- 
tus of these patients. This patient population was 
consistently found to have a prolonged IVY bleeding 
time, prothrombin time, and activated partial throm- 
boplastin time, as well as low platelet counts second- 
ary to their chronic liver disease. The coagulation 
indexes of patients with chronic active hepatitis and 
cryptogenic cirrhosis were, as expected, more abnor- 
mal than were those indexes in patients with other 
types of liver disease. Also as expected, the pro- 
thrombin time (a measure of the extrinsic system of 
coagulation) was more consistently abnormal than 
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the activated partial thromboplastin time (a measure 
of the intrinsic system). The high amount of factor 
VOI produced in many patients with chronic liver 
disease is involved in the intrinsic coagulation path- 
way and may partially compensate for the low con- 
centration of other coagulation factors produced. 
Therefore, the activated partial thromboplastin time 
is usually less prolonged than the prothrombin time 
in this patient population. 

Table 3 shows the results of our investigation. Out 
of 27 patients with primary sclerosing cholangitis, 24 
(88.9%) had documented varices and 14 of these 24 
patients (58.3%) had a history of previous upper 
gastrointestinal bleeding. In patients with primary 
biliary cirrhosis, 16 of 21 (76.2%) had varices, but only 
6 of these 16 (37.5%) had a previous history of 
bleeding. All patients in our series with chronic active 
hepatitis had documented varices present, and 5 of 11 
(45.5%) of these had previously bled. 

Twelve of 75 patients (16%) had sclerosing therapy 
performed within 3 months before liver transplanta- 
tion. These were all in patients with a history of 
previous upper gastrointestinal bleeding. Also noted 
was that in patients having documented grade H or IN 
varices a 65.8% incidence of previous upper gastroin- 
testinal bleeding was seen. Therefore, despite a signif- 
icant percentage of patients with documented esoph- 
ageal varices, significant coagulopathies, and a high 
incidence of previous upper gastrointestinal bleeding, 
no patient in our series developed hemorrhage as a 
result of instrumentation of their esophagus with a 
nasogastric tube or esophageal stethoscope. Although 
our observed proportion of cases with variceal hemor- 
rhage was 0%, the 95% confidence interval for the true 
proportion of variceal hemorrhage is from 0 to 4.8%. 


Discussion 


In our series of 75 patients undergoing orthotopic 
liver transplantation, we found no incident of variceal 
bleeding secondary to blind placement of nasogastric 
tubes and esophageal stethoscopes despite docu- 
mented endoscopy-proven varices and the presence of 
coagulopathies. Our patient population did not have 
active variceal bleeding at the time of surgery and 
therefore is not representative of patients having 
emergency surgery for active variceal hemorrhage. 
Rather, this study represents a population of patients 
with chronic liver disease and objectively graded 
esophageal varices undergoing esophageal instrumen- 
tation for monitoring purposes during a surgical pro- 
cedure. From this study, we can state that using the 
95% confidence interval, a <4.8% incidence of variceal 
hemorrhage from instrumentation can be expected. 
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Table 2. Preoperative Coagulation Indexes in Patients Undergoing Orthotopic Liver Transplantation 


IVY bleeding time 


Primary diagnosis (normal 1-6 min)* 


Primary sclerosing cholangitis (1 = 27) ee eae 
Primary biliary cirrhosis (n = 21) KERKO 
Chronic active hepatitis (n = 11) 8947 
Cryptogenic cirrhosis (n = 6) a e 
Cancer (1 = 2) 4.9 + 1.5 
Other (n = 8) 6.4 + 2.3 


Platelet count 
(normal 185-450,000) 


Activated partial 
thromboplastin time 
{normal 25-41 sec) 


Prothrombin time 
(normal! 10.9-12.8 sec)* 


207.1 + 161.4 22.4 + 5.6 36.8 + 5.7 
213.0 + 134.0 20.4 + 1.9 34.3 453.5 
952) Ao 230-4 2.6 41 8°2:9.7 
106.2 + 61.4 35,7 + 10,9 55.5 + 24.6 
408.0 + 356.4 22.0 + 4.2 SU0 Oe 
125.6 + 45.7 44.4 + 26.5 65:9 = 39.1 


a nnn nnn e 


*Values are means = sp. 


Table 3. Data of Upper Gastrointestinal (GI) Endoscopy Results and Previous Gastrointestinal Bleeding Histories 


No varices 





Grade | 


Grade I Grade II] 








No. with No. with No. with No. with 
previous GI previous Gl previous Gl previous Gl 
No. of — bleeding No. of bleeding No. of — bleeding No. of bleeding 
Primary diagnosis patients history “PST Pts history “PST Pts history “PST patients history “PST 
Primary sclerosing 3 Q 0 7 3 () 10 4 3 7 7 I 
cholangitis (n = 27) 
Primary biliary cirrhosis 5 0 Q 6 0 0 7 3 1 3 3 1 
cirrhosis (7 = 21) 
Chronic active hepatitis 0) oQ Q 6 0 Q 3 2 l 2 2 2 
(x = 11) 
Cryptogenic cirrhosis 0 0 0) 2 l 0 2 2 1 2 2 2 
(n = 6) 
Cancer (n = 2) 2 0 0 0 0 0) 0 () 0 0 0 0 
Other (7n = 8) 4 0 0 2 0 0 2 0 0 0 0 0) 
Totals (n = 75) 14 0 0 23 4 Q) 24 11 6 14 14 6 
tt A 
“PST = prior sclerosal therapy. 
In summary, as anesthesiologists we are faced References 


with the decision in patients with chronic liver dis- 
ease of whether to place esophageal stethoscopes 
and/or nasogastric tubes for diagnostic, therapeutic, 
or monitoring purposes. In many of these patients we 
avoid their use because of the fear of initiating vari- 
ceal bleeding. Despite reports in the literature of 
massive gastrointestinal hemorrhage after instrumen- 
tation, we experienced no incident of variceal bleed- 
ing in this series of patients. In spite of these results, 
we believe care should be exercised in placement of 
nasogastric tubes and esophageal stethoscopes in 
patients with esophageal varices, especially in those 
with coagulopathies or a previous history of upper 
gastrointestinal bleeding. 
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Sedation of intubated spontaneously breathing chil- 
dren in the pediatric intensive care unit is desirable 
yet often difficult to achieve. A technique for provid- 
ing consistent sedation in this situation has not been 
identified. Midazolam is an imidazobenzodiazepine 
with rapid onset of action and short duration that has 
been used successfully for sedation in pediatrics 
(1-4). The pharmacokinetics of midazolam allow the 
drug to be used as a continuous intravenous infusion 
(5-11). Continuous midazolam infusion with concur- 
rent morphine sulfate infusion has been shown effec- 
tive in mechanically ventilated children after cardiac 
surgery (10,11). Combining a narcotic aides in seda- 
tion but adds undesirable side effects inherent to 
opioids. The purpose of this paper is to report on the 
use of midazolam for sedation in intubated sponta- 
neously breathing children in the absence of opioids 
or other sedatives. 


Case Reports 


Four patients admitted to the pediatric intensive care 
unit, ranging in age from 2 months to 3.5 years, are 
discussed. All patients were described as agitated by 
both the nursing staff and the physician team. The 
midazolam sedation was initiated by a bolus with 0.2 
mg/kg IV, followed by a continuous infusion begin- 
ning at 0.4 ug'kg`imin™t. 


Case 1 


A 9.1-kg, 14-month-old male diagnosed with subglot- 
tic stenosis secondary to acute viral laryngotracheo- 


Received from the Department of Anesthesiology/Pediatric 
Intensive Care, C.S. Mott Children’s Hospital, University of Mich- 
igan, Ann Arbor, Michigan. Accepted for publication November 
12, 1987. 

Address correspondence to Dr. Rosen, C.S. Mott Children’s 
Hospital, University of Michigan, Department of Anesthesiology, 
Ann Arbor, MI 48109. 


©1988 by the International Anesthesia Research Society 


bronchitis was intubated and initially mechanically 
ventilated. Agitation was treated with a midazolam 
bolus followed by continuous infusion. Three days 
after admission, the patient was extubated in the 
operating room but had to be reintubated with a 
smaller endotracheal tube because of persistent ob- 
struction. Two days later, he was successfully extu- 
bated in the operating room, and the midazolam 
infusion was discontinued. The duration of the mi- 
dazolam infusion was 116 hours, of which 48 hours 
were with spontaneous respiration. 


Case 2 


A 20.0-kg, 3.5-year-old male diagnosed with subglot- 
tic stenosis secondary to acute viral laryngotracheo- 
bronchitis who was intubated at an outside institu- 
tion. On arrival at our institution, the patient was 
thrashing wildly in bed and required four-point re- 
straints. Hypoxia was ruled out. Midazolam bolus 
followed by continuous infusion provided adequate 
sedation. Four days after admission, an attempt to 
extubate the patient in the operating room failed 
because of persistent upper airway obstruction. A 
smaller endotracheal tube was inserted and steroids 
were given to decrease inflammation. Three days 
later, he was successfully extubated in the operating 
room and the midazolam infusion was discontinued. 


Case 3 


A 4.8-kg, 5-month-old premature (32 week gesta- 
tional age) male was admitted with subglottic steno- 
sis secondary to acute viral laryngotracheobronchitis. 
The patient was intubated and initially mechanically 
ventilated. Agitation was treated with midazolam 
bolus followed by a continuous infusion. Steroids 
were administered and the patient was successfully 
extubated in the operating room. The infusion was 
continued for 23 hours after extubation to prevent 
agitation, which might have worsened the patient’s 
respiratory status. 
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Table 1. Patient Data 








Age 

Sex 

Weight (kg) 

Loading dose (mg) 

Total dose of infusion (mg) 

Duration of infusion (hr) 

Percent of time on infusion with spontaneous 
respirations (%) 

Dose range (ug'kg ‘min ') 

Average dose (ugrkg min ') 

Respiratory rate range during infusion (breaths/min) 

Respiratory rate after infusion (breaths/min) 

Peo, range during spontaneous respiration (mm 
Hg) 


%0, saturation range during infusion 
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Case | Case 2 Case 3 Case 4 
14 months 3.5 years 5 months 2 months 
Male Male Male Male 
9.1 20.0 4.8 3.06 
1.82 4.0 0.96 Lol 
27.4 147.0 5.404 2.916 

116 194 42 37 
41.3 100.0 54.7 ae 
O.4-0.6 Q}.4—1.2 QO.1-0.5 0.2-0.8 
0.432 0.631 0.447 0.387 
15—44 20-32 60-76 30-78 
28-46 16-30 40-60 60-80 
29-41 42-47 31-44 27-42 
99-100 93-100 





Case 4 


A 3.06-kg 2-month-old premature (37 weeks gesta- 
tional age) male diagnosed with bronchiolitis second- 
ary to respiratory syncytial virus was intubated and 
initially mechanically ventilated. After intubation, the 
child was extremely agitated. An intravenous bolus 
followed by a continuous infusion of midazolam was 
begun. He was extubated 37 hours later and did well. 


Results 


See Table 1 for patient data. ECG, respirations, and 
oxygen saturation by pulse oximetry were monitored 
continuously in all patients. All patients received 0.2 
mg/kg IV bolus loading dose of midazolam followed 
by a continuous infusion starting at 0.4 ug 
kg 1min '. Duration of infusion ranged from 37 to 
194 hours. Sedation was judged adequate by the 
nursing staff and the poyadan team in doses ranging 
from 0.1 to 1.2 ug'kg "min '. The average nusoni 
rates ranged from 0.387 to 0.631 ug'kg Lmin |, 
There were no complications. 


Discussion 


Our goal was to establish a level of sedation that 
would allow the children to remain sedated while 
intubated and mechanically or spontaneously venti- 
lated, as well as during relatively unobtrusive nurs- 
ing activities. More stimulating events such as suc- 
tioning of the endotracheal tube resulted in 
breakthrough agitation that required increasing the 
infusion rate of midazolam 50 to 100% approximately 
20 minutes before stimulation. None of the patients 
developed respiratory depression or oversedation, 
and all infusions were discontinued at the time of 


94-100 


96-100 


extubation, or shortly afterwards. Tolerance to mida- 
zolam was not observed because infusion rates re- 
mained relatively constant. 

The infusions did not significantly alter blood 
pressure or heart rate. Midazolam infusion was not 
believed to prolong the duration of intubation or 
weaning from the ventilator in any patient. The 
nursing staff was uniformly enthusiastic about the 
degree and control of sedation obtained. Serum mi- 
dazolam levels were not obtained because previous 
studies have demonstrated that serum midazolam 
levels do not correlate well with clinical sedation 
(10,11). 

The benefits of continuous midazolam infusion 
include easy titration and maintenance of steady state 
sedation, resulting in decreased adrenergic response 
to stress. Good anxiolysis, anterograde amnesia, and 
anticonvulsant properties have also been attributed 
to midazolam. With therapeutic doses, there is car- 
diovascular stability (12) with minimal respiratory 
depression (13). Adrenal cortical depression with 
prolonged infusion has not been demonstrated (8), In 
the neurointensive care setting, midazolam may have 
advantages in that it decreases both cerebral blood 
flow and cerebral metabolic oxygen consumption in 
dogs (14). Midazolam has a rapid onset of action and, 
in the absence of liver disease, cumulation does not 
occur (15-17). Midazolam is void of significant phar- 
macologically active metabolites when given intrave- 
nously, and has a relatively short elimination half-life 
of 1.5 to 3.5 hours (5). The incidence of thrombo- 
phlebitis related to midazolam is low (18,19), and was 
not observed in any of our patients. 

It should be noted that 1% benzyl alcohol is a 
preservative in midazolam. Gasping baby syndrome 
is a fatal consequence of benzyl alcohol poisoning in 
low birth-weight premature infants (20,21). This syn- 
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drome was described when premature infants in 
neonatal intensive care units developed multiple or- 
gan system failure unrelated to underlying illnesses. 
These infants had received =98 mg-kg™'day~* of 
benzyl alcohol found in bacteriostatic water used to 
reconstitute medications and bacteriostatic normal 
saline used to flush catheters. The premature infant's 
liver has a reduced ability to detoxify benzyl alcohol 
and these babies were receiving on a daily basis, 20 to 
50 times the maximum safe dose of benzyl alcohol. 
Should continuous midazolam infusion be used in a 
1-kg infant, 49 mg/day of midazolam would have to 
be administered to accumulate toxic levels of benzyl 
alcohol. This dose would be 24 times the therapeutic 
dose we observed in our youngest patient. 

In conclusion, we found the continuous infusion 
of midazolam to be useful for sedation of both venti- 
lated and nonventilated pediatric intensive care unit 
patients. A loading dose of 0.2 mg/kg followed by 
continuous infusion at 0.4 ugkg™* is a reasonable 
starting point from which a desired level of sedation 
can be titrated. 
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Two Instances of Seizure-Like Activity in the Same Patient 
Associated with Two Different Narcotics 


Robert I. Katz, mp, Thomas R. Eide, mp, Alan Hartman, mp, and Paul J. Poppers, MD 


Key Words: COMPLICATIONS—-seizures. 
ANALGESICS—fentanyl, sufentanil 


Seizure-like activity associated with narcotics has 
been previously reported (1—4). We recently observed 
a patient who. twice had seizure-like activity, first 
after sufentanil and subsequently after fentanyl. Dur- 
ing the latter episode, EEG recording revealed no 
unusual central nervous system activity. 


Case Report 


A 71-year-old, 80-kg man was scheduled to undergo 
coronary artery bypass grafting. Past medical history 
included angina for 20 years, until quite recently 
relieved with nifedipine, metoprolol and transdermal 
nitroglycerine; and a stroke 14 years ago, resulting in 
transient left hemiparesis but no long-term deficit. A 
few weeks before admission, the patient’s angina 
became refractory to medical therapy. 

Immediately after cardiac catheterization, which 
revealed severe coronary artery disease, he required 
left ventricular assistance with an intraaortic balloon 
pump. The patient was brought to the operating 
room without having received premedication. Imme- 
diately before operation his pulmonary and systemic 
arterial pressures were within normal limits. Cardiac 
output was 7 L/min. He was given 100% oxygen by 
anesthesia mask and, after vecuronium 2 mg IV, 
anesthesia was induced with IV sufentanil 150 yg, 
injected slowly until the patient became apneic and 
unresponsive to a light tap on the shoulder and a 
verbal command to breathe. Positive pressure venti- 
lation was then instituted and an additional 8 mg 
vecuronium given. 
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Within 10 seconds after the vecuronium injection, 
the patient’s left hand became tremulous. His entire 
left arm then began to tremble, followed immediately 
by his left foot and then by trembling of all four limbs. 
This activity progressed within seconds to a grand- 
mal seizure with tonic-clonic movements of all ex- 
tremities. Pulse and blood pressure remained stable 
within the normal range during the seizure episode. 
Midazolam 2 mg IV was given. The seizure activity 
ceased and within another 60 seconds complete mus- 
cle relaxation ensued as the vecuronium took full 
effect. The trachea was then intubated and surgery 
was postponed. 

Neurologic evaluation over the next 3 days was 
positive only for an old, healed left sided cerebal 
infarct seen on CAT scan. Once again the patient was 
brought to the operating room. This time a com- 
pressed spectral array EEG (Neurotrac) apparatus 
was applied. The reference electrode was placed in 
the middle of the forehead, close to the hairline. Two 
positive electrodes were placed approximately 2 cm 
from the reference electrode on either side of the 
forehead, and one negative electrode was positioned 
behind each ear on the mastoid processes. This 
arrangement of electrodes was chosen to allow inde- 
pendent but simultaneous monitoring of both cere- 
bral hemispheres. The apparatus was set to display 
both raw EEG and the compressed spectral edge. 

The patient was premedicated with lorazepam 1 
mg PO and morphine sulphate 5 mg IM and brought 
to the operating room 1 hour later. Again, the patient 
was given 100% oxygen by mask, followed by vecu- 
ronium 2 mg IV. Fentanyl 500 mg IV was slowly 
injected until, as before, the patient became apneic 
and unresponsive to a verbal command to breathe 
and a light tap on the shoulder. Vecuronium 8 mg IV 
was then given. This time, the patient’s right hand 
initially became tremulous, and again, the patient 
suffered a grand-mal seizure. However, the EEG did 
not reveal cerebral seizure activity. Again, pulse and 
blood pressure remained stable during the seizure 
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episode. The operation was performed without fur- 
ther incident. 


Discussion 


The literature contains a number of animal studies 
documenting seizures after administration of fen- 
tany! (5,6). The doses required to cause this reaction 
range from 20 ug/kg or greater in the cat, to consid- 
erably higher dosages in the rat and dog. There have 
also been a number of case reports documenting 
seizure-like activity in patients given fentanyl (1,2) 
and sufentanil (3,4). This is, as far as we are aware, 
the first observed case of a single patient having such 
a reaction to both these narcotics. This type of reac- 
tion in humans has been associated with relatively 
low dosages of narcotics—on the order of 6.5 ug/kg 
fentanyl and 0.7 pg/kg sufentanil. In only one previ- 
ous report was EEG being monitored during seizure 
activity associated with fentanyl (7) and, in this 
instance, as in the present case, the EEG did not 
show any abnormal central nervous system activity. 

Our patient did have a history of a prior cerebro- 
vascular accident (CVA), and the CAT scan after his 
first episode of seizure-like activity indicated the 
presence of an old left-sided cerebral infarct. How- 
ever, our patient had no previous history of seizures 
and no neurologic deficit after his CVA. The seizure- 
like activity seen during the anesthetic induction with 
sufentanil began on the patient’s left side, which 
would not be consistent with a seizure focus in the 
left cerebral hemisphere. The seizure-like activity 
during the anesthetic induction with fentanyl began 
with a tremor of the right hand, but the EEG showed 
no seizure activity. 

The EEG apparatus we used calculates power 
values from 0 to 63.5 Hz in half-Hz increments and 
displays in the range of 1 to 30 Hz. The gain is set to 
detect an amplitude of up to 80 uv. These sensitivities 
should be sufficient to detect seizure activity associ- 
ated with a grand-mal seizure. 

Considering the number of reported cases of such 
seizure-like activity in association with fentanyl and 
sufentanil, and considering that our patient had this 
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reaction to both these narcotics, an idiosyncratic 
mechanism for such a reaction would seem to be 
ruled out. Scott and Sarnquist (7) offer two possible 
explanations for such events in the absence of seizure 
activity on EEG. One is that this represents an exag- 
gerated form of narcotic-induced muscle rigidity. 
This can be ruled out by our own observations. In 
both instances our patient received a “‘pre-cura- 
rizing” dose of 2 mg vecuronium and full paralyzing 
doses of the muscle relaxant immediately before the 
onset of his seizure. Vecuronium 2 mg should be 
sufficient to prevent the muscle rigidity that is occa- 
sionally associated with narcotics and, indeed, in 
both instances the patient could be easily ventilated 
by mask, with no evidence of muscle rigidity. It is, of 
course, impossible to know how long this patient's 
seizures might have lasted without the full paralyzing 
effects of the additional 8 mg vecuronium. The sec- 
ond possibility suggested by Scott and Sarnquist is 
that this reaction is a form of myoclonus secondary to 
narcotic-induced depression of inhibitory neurons. 
Our case report suggests that this may well be true, 
and that the administration of narcotics may be 
associated, in a reproducible fashion, with myoclonic 
activity. 
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Postoperative delirium is a not uncommon complica- 
tion of anesthetic practice (1). Its etiology can be 
multifactorial and is often related to physiologic and 
pharmacologic alterations occurring in the immediate 
perioperative period. The postpartum period is the 
most common time for mental disturbances to occur 
among women (2). We report an unusual case of 
acute, profound delirium with associated extrapy- 
ramidal signs in a previously healthy woman after an 
uneventful cesarean section. 


Case Report 


The patient was a 35-year-old, previously healthy 
woman with a full-term intrauterine pregnancy pre- 
senting for an elective cesarean section after an un- 
remarkable prenatal course. Past medical history was 
notable for a previous cesarean section under contin- 
uous epidural anesthesia. During this procedure the 
patient experienced significant pain and thus was 
extremely apprehensive about her current anesthe- 
sia. There was no history of substance abuse but 
family history was positive for schizophrenia in a 
brother. Preoperative physical examination and lab- 
oratory values were normal for a pregnant woman 
with term gestation. 

Anesthesia was begun at 0635 hours. After place- 
ment of an IV catheter and the usual monitors, the 
patient was put in the left lateral position and an 
epidural puncture was made between the third and 
fourth lumbar vertebrae using the “loss of resistance” 
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technique. A catheter was easily inserted and a test 
dose of 3 ml 1% lidocaine without epinephrine was 
injected without development of spinal anesthesia. 
Injection of 20 ml of 2% lidocaine with epinephrine 
was then performed and decreased sensation up to 
the level of the fourth thoracic dermatome resulted. 
After the surgical incision (at 0710 hours), the patient 
was comfortable with a blood pressure of 110/52 mm 
Hg and a pulse of 70 beats/min. A healthy baby girl 
(Apgar scores of 8 and 8) was delivered at 0730 hours. 
Fentanyl 100 ug was then administered intrave- 
nously. Several minutes later, the patient complained 
of nausea and began retching. Bradycardia (to 50 
beats/min) occurred without change in blood pres- 
sure. Atropine 0.4 mg IV brought the pulse back to 
100 beats/min. However, the patient continued to 
complain of nausea and so at 0805 hours, just as 
surgery was ending, she was given droperidol 1.25 
mg IV. The estimated blood loss was 1000 ml and the 
total amount of Lactated Ringer’s solution adminis- 
tered intraoperatively was 3000 ml. 

On arrival to the recovery room (at 0810 hours) the 
patient was awake but complained of feeling faint. 
The blood pressure was 78/40: mm Hg and the heart 
rate was 62 beats/min. Vital signs became normal 
after an IV fluid bolus and a single dose of metara- 
minol (1 mg IV). Over the next 2 hours, the patient 
regained full sensation and motor control of her trunk 
and lower extremities. She was noted to be lucid, 
appropriately oriented, and hemodynamically stable. 
At 0830 hours, the patient complained of incisional 
pain and was given 100 ug fentanyl epidurally (mixed 
in 8 mi sterile preservative-free saline) and an epi- 
dural fentanyl infusion was started at a rate of 50 
pg/hr. She was transferred to a ward room at 1030 
hours. 

The anesthesiologist was called by the ward nurse 
at 1130 hours because the patient had become in- 
creasingly lethargic, confused, and tremulous. On 
arrival, the anesthesiologist found the patient to be 
unresponsive with marked coarse spontaneous myo- 
clonic jerking movements of her face and all four 
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extremities. Vital signs were normal. The epidural 
fentanyl infusion was stopped and naloxone 0.4 mg 
IV was administered in divided doses. The patient 
became slightly less obtunded but was still com- 
pletely disoriented and failed to follow simple com- 
mands. She continuously vocalized meaningful 
words in a random nonsensical order (“word salad”). 
The coarse tremor of her face and extremities per- 
sisted. A divergent gaze was noted. Arterial blood 
gas analysis revealed pH 7.33, Pao, 80 mm Hg, and 
Paco, 46 mm Hg. Sodium was 130 MEq/L, potassium 
4.0 MEq/L, serum glucose normal, and hematocrit 
26%. | 

Beceuse of the suspicion that the patient’s symp- 
toms were due to iatrogenic drug toxicity, she was 
given physostigmine (1 mg IV twice) with glycopyr- 
rolate (0.4 mg IV). Within minutes she became ori- 
ented and able to respond appropriately to com- 
mands but the tremulousness of her extremities failed 
to resolve. The patient was completely amnestic to 
the events of the entire morning and thought she was 
still pregnant. She denied any pain on repeated 
questioning. Over the next 30 minutes, the level of 
consciousness deteriorated to its previous unrespon- 
sive state. A repetition of the physostigmine (2 mg 
IV) along with naloxone (0.4 mg IV) produced a 
similar, transient improvement in her cognitive state. 

A computerized tomographic scan of her head was 
normal, as was a uriné toxicology screen. Over the 
next several hours, her level of consciousness im- 
proved although she remained delirious. A neurolo- 
gist, examining the patient 8 hours postoperatively 
(at 1600 hours), found her to be lethargic but com- 
fortable. The patient would briefly follow simple 
commands but then would begin “babbling” and 
become uncooperative. The pupils were 4 mm and 
reactive to light. There was a pronounced resting 
tremor of the tongue, hands, and feet, which became 
worse with intention. A significant flexion-extension 
tremor of the neck and “jumpy” eye movements 
_ were also noted. There was a purposeful and sym- 
metrical withdrawal of all four extremities in re- 
sponse to painful stimulation. The upper extremity 
reflexes were hyperactive while those in the lower 
extremities were hypoactive. The neurologist’s work- 
ing diagnosis was a drug-induced psychosis. 

The patient was transfered to an intensive care 
unit for closer observation and supportive care. Blood 
pressure and HR remained in the normal range 
although she was noted to have a low-grade fever 
(37.7°C). Urine output remained adequate. Because 
of the persistent tremors, diphenhydramine 30 mg IV 
was administered empirically without immediate im- 
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provement. Nevertheless, her symptoms slowly be- 
gan to resolve. 

Neurologic examination 23 hours postoperatively 
found the patient to be alert but completely amnestic 
for the previous day’s events. She was oriented to 
person and place but not to time. She could not 
correctly name the current President of the United 
States and had difficulty with serial 7s. She was 
unable to remember three objects for two minutes. 
Her speech was fluent but tangential and contained 
neologistic errors. While the neck tremor had re- 
solved and the tremor of the lower extremities had 
improved, she still had a pronounced intention 
tremor of the tongue and upper extremities. Sensa- 
tion, motor strength, cerebellar, and cranial nerve 
function were intact. Babinski reflexes were bilater- 
ally positive. 

By the evening of the second postoperative day, 36 
hours after the completion of surgery, the patient was 
essentially normal. She was discharged on postoper- 
ative day 7 with a clinical diagnosis of “acute postop- 
erative encephalopathy with extrapyramidal symp- 
toms” and has experienced no further problems. 

A chemical analysis of the intravenous bag con- 
taining the fentanyl for epidural infusion revealed an 
appropriate fentanyl concentration and no detectable 
contaminants. 


Discussion 


This report describes an impressive acute delirium 
with associated profound dyskinesia that developed 
in a previously healthy parturient 3 hours after the 
completion of an epidural anesthetic for an elective 
cesarean section. Transient reversal of the patient’s 
cognitive symptoms was produced by physostigmine 
but by neither naloxone or diphenhydramine. The 
symptoms resolved spontaneously after 36 hours. 
The differential diagnosis of postoperative delir- 
ium is extensive (Table 1). Major elements of this list 
include: drug reactions; changes in central nervous 
system metabolism, perfusion, or oxygenation; exac- 
erbation of a premorbid neurologic or psychiatric 
disturbance; and psychological stresses unique to the 
surgical experience. The current case exemplifies the 
additional complexities associated with the clinical 
assessment of delirium in the postpartum patient. 


Drug Reactions 


Of the drugs given this patient, fentanyl, droperidol, 
and atropine are all capable of producing delirium. 
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Table 1. Factors in Postoperative Delirium However, with all three of these agents, drug- 


induced delirium typically follows larger doses or 


I. Physiological factors 
more prolonged exposures. High dose opiates, for 


A. Factors that principally decrease cerebral oxygen delivery 


Decreased cardiac output (hypotension, arrhythmias, 
hypovolemia) 

Cerebrovascular insufficiency (occlusive or embolic) 

Hypoxemia or anemia 

Hyperviscosity or coagulopathy 

Increased intracranial pressure 

B. Factors that principally increase cerebral oxygen demand 

Stress 

Hyperpyrexia 

Infection 

Hyperthyroidism 

Hypercarbia or acidosis 

Seizures 


C. Factors that alter cerebral metabolism or function 


Malignant hypertension 
Metabolic factors 
Hepatic or renal dysfunction 
Ionic imbalances (e.g., glucose, sodium, calcium, 
potassium) 
Endocrine imbalances (hypothyroid, adrenal insufficiency} 
Drug toxicity 
Heavy metals, thiamine, or carbon monoxide 
Ketamine, neuroleptics, opiates, sedatives, 
anticholinergics, hallucinogens 
Withdrawal from alcohol, barbiturates, hallucinogens, 
opiates, benzodiazepines 
Neuroleptic malignant syndrome 
Allergic or idiopathic reaction to administered drugs 
CNS disease processes 
Dementia or chronic organic brain syndrome, Parkinson’s, 
multiple sclerosis 
Encephalititis (bacterial, viral, fungal) 
Cerebral contusion or injury 


Il. Environmental and psychosocial factors 


A. Factors that principally affect normal sensory integration 
Sleep deprivation 
Impaired ability to communicate 
Sensory deprivation, monotony or physical isolation 
Impaired mobility 
B. Factors that can increase fear and anxiety 
Pain and discomfort 
incisional pain 
Gastric or bladder distention 
Environmental factors including noise, frightening activities, 
etc. 
Bad previous experience in a similar setting 
Surgical procedure 
Position 
Extremes of age 
Preoperative vocational or retirement-related problems 
Feelings of dependence, hopelessness, and loss of dignity 
C. Psychiatric factors 
Underlying psychotic or neurotic (especially paranoid) 
disorder 
Endogenous depression 
Postpartum psychosis 
Conversion reaction 
Inadequate preoperative defenses and coping mechanisms 
Morbid or pessimistic expectations 
Body image distortion 


example, can produce CNS excitatory effects that are 
often accompanied or followed by seizures. These 
effects typically occur at doses far in excess of those 
necessary for adequate analgesia and are usually 
naloxone-reversible (3). There are no previous reports 
of excitation associated with epidural fentanyl. 
Changes in endogenous opiate activity has been 
implicated in the etiology of some psychotic states (4) 
and specifically in postpartum psychosis (5). When 
fentanyl is administered as a premedication in a fixed 
combination with droperidol (Innovar), a 14% inci- 
dence of refusal to undergo surgery has been re- 
ported (6). However, it is unclear whether the psy- 
chotropic effects of Innovar are due solely to 
droperidol or if the. fentanyl also plays a role. The 
relatively low dose of fentanyl administered and, 
particularly, the lack of response to naloxone make it 
relatively unlikely that the symptoms exhibited by 
this patient were due to acute opiate toxicity. 

A frequent adverse reaction to acute administra- 
tion of neuroleptic drugs is dyskinesia, including 
torticollis, grimacing, and other involuntary muscle 
movements, occurring in 12% of all patients. In these 
reactions, consciousness is typically not impaired (7), 
and „symptoms are usually rapidly and completely 
reversed after the administration of agents with anti- 
cholinergic activity (8), including diphenhydramine 
(9). In contrast, cholinergic agonists such as phy- 
sostigmine usually exacerbate the symptoms. Al- 
though the spectrum of extrapyramidal symptoms 
exhibited by this patient may be consistent with a 
neuroleptic-induced acute dyskinesia, the marked 
impairment of consciousness and the lack of thera- 
peutic response to diphenhydramine both argue 
against such an explanation for this presentation. 

The “neuroleptic malignant syndrome” (NMS) is a 
less frequent adverse reaction to neuroleptic agents 
(occurring in 2.4% of all patients) (10). The cardinal 
symptoms of NMS include muscle rigidity, extrapy- 
ramidal signs, hyperthermia, autonomic dysfunction, 
and altered consciousness, although considerable 
variation in the presentation has been described (11). 
Although most cases of NMS occur in patients receiv- 
ing chronic neuroleptic treatment for psychiatric ill- 
ness (11), it has been reported as a postoperative 
complication of higher doses of neuroleptics in a 
patient without a prior psychiatric history (12). There 
have been reports of successful treatment of NMS 
with dantrolene sodium (13) and bromocriptine (14) 
but not physostigmine. Nonetheless, the diagnosis of 
NMS must be entertained in the setting of the acute 
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onset cf extrapyramidal symptoms, diminished men- 
tal status, hypotension, and fever in conjunction with 
neuroleptic administration. 

Neuroleptics have also been implicated in postop- 
erative confusional states (15) that occasionally follow 
higher doses of droperidol (5 mg IV) and can be 
prolonged—with some effects measurable as late as 
the fourth postoperative day (16). Interestingly, im- 
paired mental status after droperidol is often amelio- 
rated by physostigmine (17-19). In the present case, 
an acute neuroleptic-induced confusional state might 
be intensified by CNS anticholinergic effects pro- 
duced by the intraoperative administration of atro- 
pine (20,21). Central nervous system symptoms of 
antickolinergic toxicity frequently include delirium, 
psychotic behavior, and motor disturbances (22). As 
with our patient, these symptoms typically resolve 
rapidiy after the administration of physostigmine 
(23). Because of physostigmine’s rapid metabolism, 
in contrast to the protracted time course of atropine 
toxicity (often lasting >48 hours), repeated doses of 
physostigmine are usually required (22). Physostig- 
mine also appears to have nonspecific CNS “acti- 
vating” properties that may reverse the effects of 
general anesthetics (24). For instance, there has been 
a report of physostigmine reversing postoperative 
somnolence and disorientation associated with the 
intraoperative administration of Innovar, a fixed-dose 

combination of fentanyl and droperidol (17). 


Physiological Factors 


Any factor impairing the delivery of an adequate 
amcunt of oxygen to brain cells relative to their 
metabolic needs affects cerebral function and could 
potentially result in delirium. Hypotension and hy- 
poxia may, therefore, cause postoperative delirium. 
Although there was a transient episode of hypoten- 
sion on arrival to the recovery room in this patient, 
neither its duration nor its magnitude were sufficient 
to produce prolonged CNS effects. Likewise, there 
was nothing to suggest a decrease in cerebral oxygen 
delivery (oxygen saturation as measured by pulse 
oximetry remained normal both intraoperatively and 
in the recovery room), an increase in cerebral oxygen 
demand, or alterations in cerebral metabolism (see 
Table 1). Toxic or metabolic causes of the patient’s 
symptoms seem unlikely in view of her previously 
healthy condition. 

Thromboembolism is not a rare occurrence in par- 
turients and could result in a delirium. However, the 
delirium associated with thromboembolism is proba- 
biv due to hypoxemia (25). Amniotic fluid embolism 
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might present with changes in mental status, pulmo- 
nary hypertension, cyanosis, or acute heart failure. 
Usually there is an accompanying coagulopathy (26). 
The fact that this patient had a self-limited delirium 
alorig with a profound dystonia in the absence of 
cardiopulmonary or other systemic signs strongly 
suggests that physiologic causes can be excluded. 


Psychiatric Causes 


Altered mental status in the postoperative patient can 
certainly be associated with a premorbid psychiatric 
illness. This is particularly true for organic psychosis, 
schizophrenia, and bipolar affective disorders. Such 
patients are often exquisitely sensitive to CNS drug 
effects and the stress or disorientation associated with 
the postoperative or postpartum state (2). There is no 
indication of a premorbid psychiatric illness in the 
present patient, although there is a positive family 
history of schizophrenia in a sibling. A psychiatric 
syndrome unique to the postpartum patient, puer- 
peral psychosis, is characterized by confusion, cogni- 
tive disorganization, and manic symptoms including 
euphoria and hyperactivity within the first postpar- 
tum month (27,28). The rapid onset and complete 
resolution of the extrapyramidal symptoms in this 
patient is not a typical presentation for postpartum 
psychosis. 

In summary, the present clinical report documents 
an unusual instance of acute florid postoperative 
delirium with associated extrapyramidal signs in a 
previously healthy parturient. The potential causes of 
either postoperative or postpartum delirium are nu- 
merous and in many cases a multifactorial etiology 
can be implicated. In the present situation, it appears 
that atropine, droperidol, and perhaps also fentanyl, 
administered during the anesthetic, were responsible 
for the patient’s delirium. This parturient may have 
been particularly sensitive to the CNS side effects of 
commonly administered anesthetic drugs. Small 
doses of these otherwise safe and effective drugs 
may, in combination, produce significant postopera- 
tive psychomotor disturbances in selected patients, 
especially in clinical situations in which other factors 
predispose to postoperative delirium. 


Chemical assays were generously performed by Dr. Witold Mech- 
linksy of Janssen Pharmaceutica, Raritan, New Jersey. 
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Letters to the Editor 





Modular Intravenous Transport 
System 


To the =ditor: 


Transport of sick patients to and from the intensive care 
unit is often a cumbersome process that requires pushing 
numerous poles and infusion pumps behind the patient's 
bed. We have spent 3 years designing and testing various 
types of racks that could be fitted to the bed, allowing 
patient movement without the necessity of trailing poles. 
The design we present here has been our most effective and 
least expensive. 

The modular rack system has several components made 
of chrome-plated stainless steel as shown in Figure 1. The 





Figure 1. Components of the Intravenous Transport System: 1) 
vertical support rod; 2) cross bar; 3) adaptor for IVAC infusion 
pump pole; 4) knob-head bolts. 


vertical support rods fit into the holes normally provided in 
the bed for intravenous poles. The cross bar slides through 
the square openings at the top of the support rods and is 
clamped in place by bolts. Each cross bar contains six 
half--nch holes that can support intravenous poles while 
still allowing access to the patient. The poles are secured by 
hand-tightened knob-head bolts. Most commercially avail- 
able intravenous poles can be accommodated. Some may 
require minor modification. We have also designed an 
adaptor that can be used to mount transducers or the entire 
upper portion of an IVAC infusion pump pole. Figure 2 
shows such an assembled system. 
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Figure 2. Bed-mounted transport system. 


We have found that this system cuts down the time 
needed to mobilize and transport patients, while resulting 
in fewer line tangles at the destination point. This is 
especially useful during emergencies requiring rapid move- 
ment from the intensive care unit to the operating room. 
Allan 5. Rosen, MD 
Walter Rosenzweig, PhD 
Anthony J. Conte, MD 
Mary Lou Burroughs, RN 
Ormond Memorial Hospital 
Ormond Beach, Florida 32074 








LETTERS TO THE EDITOR 


Preventing Kinking of Small 
Endotracheal Tubes 


To the Editor: 


We read with interest the recent letter by Yamashita and 
Motokawa (1) concerning the potential kinking of 2.5-mm 
ID endotracheal tubes used in premature babies under- 
going neurosurgery, ophthalmic surgery, oral surgery, and 
ENT surgery. These authors stated that such kinking may 
be prevented by cutting a disposable 3.5-mm ID Portex tube 
4 cm from the distal end and inserting the 2.5-mm ID Portex 
tube (3.4-mm outer diameter) through this 3.5-mm ID tube, 
leaving the distal 4 cm of the 2.5-mm ID tube uncovered. 
We would offer several comments on their communication. 


1. Multiple attempts by ourselves and our colleagues to 
slide currently available 2.5-mm ID (3.4-mm outer diam- 
eter) Portex tubes through 3.5-mm ID Portex tubes were 
usually unsuccessful and the use of lubrication did not 
improve our results. 

2. The standard 2.5-mm ID Portex tube is 15 cm in length, 
whereas 3.5-mm tube is 19.5 cm. Shortening the 3.5-mm 
tube by 3 cm, as described by Yamashita and Motokawa 
(1), would result in similar lengths for both tubes! These 
technical difficulties may be resolved by employing a 
4.0-mm ID, 23-cm length outer tube that has been 
shortened by 8.5 cm. 

3. We nevertheless remain concerned over the possibility 
of direct vocal cord trauma being caused by the outer 
tube. This may occur with distal sliding of the outer 
“endopharyngeal” tube or, more commonly, by distal 
displacement of both tubes during head reposition- 
ing. The latter is a not infrequent occurrence during 
anesthesia for procedures around the head and neck 
(2,3). 


Recognizing that the proximal (connector) end of the 
2.5-mm ID endotracheal tube is the most common site for 
kinking, we propose the following alternative solution to 
this problem. The standard 2.5-mm plastic adapter is re- 
placed by a 3.0mm metal curved connector (Dupaco, 
Oceanside, CA; Foregger, Langhorne, PA) and the proxi- 
mal part of the 2.5-mm tube is wrapped with a 34 cm 
length of tubing (e.g., suction catheter, oxygen or endotra- 
cheal tubing), which is 1.0 mm greater in ID and has been 
split longitudinally down one side to facilitate placement 
around the smaller tube. We have used this technique 
successfully in the care of small infants, both in the OR and 
ICU, and have found it to reliably prevent kinking of small 
size (2.5 to 3.5-mm ID) endotracheal tubes while at the 
same time reducing the risk of trauma to the vocal cords. 


Nathan Schwartz, MD 
James B. Eisenkraft, MD 
Department of Anesthesiology 
Mount Sinai Medical Center 
New York, NY 10029 
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Epidermolysis Bullosa and Porphyria 
To the Editor: 


It is important that articles such as that by Broster et al. (1) 
continue to appear in the anesthetic literature because this 
allows for the accumulation of data relating to anesthesia in 
rare disorders. However, it is important that any informa- 
tion presented should be both current and accurate. We 
wish, therefore, to comment on the statement in Broster’s 
article that porphyria has an increased incidence in patients 
with epidermolysis bullosa (EB). 

It is true that many authors have suggested that an associ- 
ation between EB and porphyria exists, but this does not 
appear to have been substantiated. References in the anesthetic 
literature to the association can be traced to two textbooks of 
dermatology published in the 1960s (2,3). Andrews and Do- 
monkos simply write, in a section about EB, that “porphyria 
may be present” (2). Marshall (3) goes so far as to question the 
very existence of what he calls the nonporphyric type of 
epidermolysis bullosa, also stating that “epidermolysis bullosa 
porphyrica” is an alternative term for porphyria cutanea tarda 
(PCT). Even the statement by Katz et al. (4,5) that EB and 
porphyria are associated, which has been further quoted in 
recent years by other authors, is not substantiated. 

In the past there has obviously been considerable diag- 
nostic confusion between EB and porphyria. Indeed, por- 
phyrin excretion may be within normal limits in patients 
with porphyria for long periods, and this has been one area 
of confusion. The skin lesions of EB and PCT may be 
identical, PCT being the type of porphyria most likely to be 
confused with EB. However, nowadays they can be distin- 
guished on the basis of histopathologic, immunofluores- 
cence, and porphyrin studies (6). 

Thus, we contend that today there is no evidence to 
substantiate the association between EB and porphyria. Of 
course, porphyria should be included in the differential diag- 
nosis of EB and other blistering diseases, and porphyrin 
studies should be performed in patients with undiagnosed 
bullous disorders. However, it is probably an unnecessary 
precaution to withold barbiturates from patients with EB, 
particularly because these and other drugs likely to induce 
hepatic porphyrias appear to be safe in patients with PCT (6,7). 
Paul M. Spargo, MB, MRCP, FFARCS 
Senior Registrar in Anesthesia 
Gary B. Smith, BM, FFARCS 
Consultant in Anaesthesia and Intensive Care 
Anaesthetic Department 
(Jueen Alexandra Hospital 
Cosham Portsmouth PO6 3LY 
United Kingdom 
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Demonstrating Safety of 
Subarachnoid Calcitonin: Patients or 
Animals? 


To the Editor: 


Although Miralles et al. (1) demonstrate convincingly that 
subarachnoid calcitonin is an effective analgesic, I disagree 
with their conclusion that “demonstration of its safety 
requires the study of a larger number of patients.” The 
authozs do not mention animal toxicology of subarachnoid 
calcitcnin. Current Medline files contain only two refer- 
ences to animal safety testing of subarachnoid calcitonin, 
and both describe toxicity. In rats, subarachnoid calcitonin 
reversibly inhibits motor coordination (2), whereas in dogs 
and baboons, subarachnoid calcitonin produces respiratory 
distress leading to a moribund condition (3). There are no 
subsequent reports examining the etiology of these effects, 
including the possibility that they are due to preservatives 
in the original calcitonin solutions. Likewise, there are no 
references to neurotoxicity studies of subarachnoid calcito- 
nin in current Medline files. One could argue that suba- 
rachnoid calcitonin is probably safe, because calcitonin is 
normally present in small amounts in CSF. However, the 
effects of high local concentrations of calcitonin on the 
spinal cord are unknown, and another hormone, angioten- 
sin, produces severe vasoconstriction when applied locally 
to pial vessels (4). Likewise, the absence of toxicity ob- 
served after subarachnoid calcitonin in a small number of 
patients (1,5-7) is not an effective argument for further 
clinical trials in the face of this preliminary animal work. I 
conclude that demonstrating safety of subarachnoid calci- 
tonin (and many of the opiate and nonopiate drugs being 
injected spinally before animal testing) requires first the 
study of a larger number of animals, not humans. At least, 
effects on blood pressure, heart rate, arterial blood gas 
tensions, animal behavior, and spinal cord histology and 
blood flow should be examined. 


James C. Eisenach, Mp 

Section of Obstetric Anesthesia 

Wake Forest Untversity Medical Center 
The Bowman Gray School of Medicine 
Winston-Salem, North Carolina 27103 
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Subarachnoid Lidocaine and 
Calcitonin for Postoperative 


Analgesia 


To the Editor: 


The study of Miralles et al. (1) reported postoperative 
analgesia to be greater in patients given subarachnoid 
injections of lidocaine (LI) and salmon calcitonin (sCT) than 
that in patient given only subarachnoid LI. There are, 
however, data that speak against the use of sCT as an 
analgesic agent. For example, the spinal cord has but few 
binding sites for sCT (2,3). Also, in spite of numerous 
reports of the analgesic effect of centrally administered sCT 
in animals (4), sCT injected intrathecally in rats has no 
analgesic effect, but does have a long-lasting, reversible 
blocking action on motor function (4). 

The analgesic effect of subarachnoid sCT in cancer 
patients (5) is probably due to nonspecific effects (4). All in 
all, sCT does not fulfill the conditions of a real analgesic 
agent (6). Also, toxic effects of subarachnoid sCT have 
been reported (7). Finally, in the study of Miralles et al., 
sCT was administered together with LI. Small doses of 
systemically administered LI have, however, pronounced 
transsynaptic effects on spinal cord activity evoked by 
unmyelinated afferents (8), the majority of which are 
nociceptors. Epidural LI can, therefore, be expected to 
have, aside from its local anesthetic effect, a depressive 
function on the synaptic efficacy of nociceptive inputs. The 
possibility of an interaction between LI and sCT has not 
been tested and may be involved in the effects observed by 
Miralles et al. 


Zsuzsanna Wiesenfeld-Hallin, php 

Karolinska Institute 

Department of Clinical Neurophysiology and Physiology 
Huddinge University Hospital 

S-141 86 Huddinge 

Sweden 
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The Effect of Age on Plasma 
Clearance of Epidural Lidocaine and 
Bupivacaine 


To the Editor: 


Veering et al. (1) recently reported that plasma clearance of 
epidural bupivacaine was negatively correlated (r = 0.57; P 
= 0.001) to the age of the patients. It may be of interest to 
these authors and other readers that we reported similar 
results for epidural lidocaine last year. The correlation 
coefficient for plasma clearance of lidocaine and age was 
~0.41 (P < 0.01) in 50 male patients ranging in age from 22 
to 78 years (2). 

Although the clearance of both lidocaine and bupiva- 
caine declines with age, the mechanism may be different 
for the two drugs. Lidocaine is highly extracted by the 
liver (extraction ratio > 0.9); clearance is thus substantially 
dependent on liver blood flow (3). Because liver blood flow 
normally declines with age (4), lidocaine clearance is ex- 
pected to decline as well. On the other hand, bupivacaine 
clearance is relatively insensitive to liver blood flow (extrac- 
tion ratio approximately 0.2). Therefore a reduction in 
bupivacaine clearance may reflect a reduction in the 
activity of bupivacaine metabolizing hepatic enzymes (5). 
That hepatic drug metabolism declines with age is well 
established in animals (6). In humans, liver mass is con- 
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stant until middle age, at which time it begins a progres- 
sive decline (7). However, the extent to which human 
microsomal enzyme activity is affected by aging is unclear 
(8). Antipyrine is a model compound for the study of 
hepatic drug metabolism, because its clearance is limited 
by the activity of hepatic enzymes. Vestal et al. (9) re- 
ported a correlation between age and antipyrine clearance 
of only ~0.25 (P < 0.001). Thus, interindividual differences 
in metabolism due to a variety of genetic and environmen- 
tal factors were of relatively greater importance than was 
age. 

Finally, although there is a significant correlation be- 
tween age and clearance of both lidocaine and bupiva- 
caine, the variation in clearance at any particular age is 
quite large. For example, some patients older than 70 
vears of age have a lidocaine clearance greater than 
some patients younger than 30 years of age. This was 
found in the recent study of bupivacaine clearance as 
well. 


T. Andrew Bowdle, MD, PhD 

Departments of Anesthesiology and Pharmaceutics 

Peter R. Freund, MD 

Departments of Anesthesiology and Physiology and Biophysics 
Veterans Administration Medical Center 

University of Washington 

Seattle, Washington 
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Book Reviews 


Manual of Anesthesia for Emergency Surgery 
Judith Donegan; ed. New York: Churchill Livingstone, 
1987, 403 pp, $29.00. 


One of the most exciting attractions of the specialty of 
Anesthesiology is the sudden presentation of a patient for 
emergency surgery. This provides the anesthesiologist that 
unique situation in which he or she draws on past experi- 
ence and knowledge to minimize the risks that the patient 
must face during this ordeal. 

The editor states precisely in the preface that this is an 
outline presented in manual form of quick and accessible 
information needed to anesthetize patients for practically 
all types of emergency surgery. The editor does not indicate 
which reader would benefit from this manual, but certainly 
residents, fellows, CRNAs, and practicing anesthesiolo- 
gists who want to quickly refresh their memory would find 
the information extremely useful. 

The list of authors who have written many of the 
specialty chapters are well-known in anesthesiology and 
though much of their information is extremely valuable, it 
is mainly reproductions of previous chapters they have 
written in other textbooks. The author has, however, used 
this as a very attractive drawing card and has assembled the 
approaches many of these experts utilize in anesthetizing 
emergency patients. 

The chapters are all organized in a cookbook, easy to 
read style with sections on 1) patient preoperative evalua- 
tion and preparation, 2) anesthetic management and, 3) 
postoperative care if there are specific problems that relate 
to this period. There is an adequate list of references and 
suggested readings at the end of each chapter. 

Practically every common emergency procedure is de- 
scribed in specific sections including interesting chapters 
on 1) alcohol abuse, 2) cardiopulmonary resuscitation, 3) 
shock and, 4) sepsis. The chapters provide the reader with 
a very practical approach on how to manage all types of 
emergencies with enough preoperative information and 
workup that apply to each of the specialty areas. The style 
is one that can be read quickly so that one can come away 
with the salient features of specific management. The 
editor’s goal is the overall reduction in perioperative mor- 
bidity and mortality associated with emergency care of 
surgical patients. If enough residents, CRNAs and anesthe- 
siologists review the material before proceeding with their 
anesthetic management, this may in fact be borne out. 
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There should be fewer omissions or commissions of medi- 
cal management under these circumstances. 


One might say there might be no need for such a book . 


because all this material is readily available in many other 
textbooks. However, the author has now assembled all this 
information in one area that is very portable and extremely 
accessible. Certainly in large and busy teaching centers 
where residents, CRNAs and fellows are training, a readily 
portable manual with good information may decrease the 
incidence of complications that are associated with emer- 


gency surgery. 


L Cary Andrews, MD 

Vice Chairman, Department of Akie 
Associate Professor of Anesthesiology 

Albert Einstein College of Medicine 

Bronx, NY 10461 


The International Textbook of Cardiology 
T.O.Cheng, ed. New York: Pergammon Press, 1986, 
1297 pp, $87.50. 


The physician today who strives to be well-read is blessed 
or handicapped, depending on one’s viewpoint, with a 
wide choice of textbooks on the same subject. Perhaps 
partly as an effort to distinguish this book from among the 
ranks of the comprehensive cardiology texts available, the 
editor emphasizes the multinational roster of contributors 
and his goal of underlining international differences. In 
spite of the title, this book is mainly a Sino-American 
endeavor, as only 18 of more than 100 contributors are 
based outside the United States or China. There is a distinct 
tendency toward equating “international” with “Chinese.” 

Few anesthesiologists as mortals would likely read such 
a volume from cover to cover. What interest then can the 
anesthesiologist possibly have in this book? This reviewer 
believes there are three possibilities: 1) the book as a 
complete reference work to own; 2) the book as a source- 
book on “exotic” cardiovascular disease and; 3) the book as 
a colloquium of cross-cultural or cross-national perspectives 
for the informed physician. 

The 83 chapters of this book cover a wide range of 
subjects, including the standard ones appropriate in a 
comprehensive textbook of cardiology. Several chapters are 
distinguished by their respective pioneer-authors: Chavoz 
on thrombolysis, Barlow on mitral valve prolapse, Bjork on 
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valvular surgery, and Swan on myocardial infarction. There 
is a fairly large section dealing with invasive intervention 
such as the intraaortic balloon, the left ventricular assist 
device, and the artificial heart. The chapter on aortic 
surgery is authoritative and beautifully illustrated. To- 
gether these chapters form a manageable update for those 
whose practice does not routinely involve cardiovascular 
surgery. Other advances and “frontier” subjects of cardio- 
vascular research, such as lasers, rapid computerized tomo- 
gram, antibodies, and atrial natriuretic factor are discussed 
and placed in perspective. The chapter on iatrogenic dis- 
ease is a useful reminder of medicine’s potential to do more 
harm than good. 

As a comprehensive reference, the book falls short in 
several aspects. One of the weakest areas is in normal, 
systemic physiology of the cardiovascular system. As an 
example, there is no discussion of diastolic function. The 
level of discussion and bibliography varies among the 
chapters, probably more than would be expected in a book 
of such intended stature. Although several chapters such as 
those on electrophysiology, mitral valve prolapse, and 
infective endocarditis, are thorough and complete reviews 
with extensive bibliography, others are below this stan- 
dard. For example, the chapters dealing with rheumatic 
heart disease, antiarrhythmic drug therapy; inotropic 
drugs, pediatric congenital heart disease, and surgery of 
valvular heart disease are notable for the brevity of refer- 
ences, and the content of some of these chapters are more 
suited as introductory overviews. Some other subjects 
suffer from obvious omissions. The coronary care unit, 
which has significantly reduced the mortality of acute 
myocardial infarct patients, receives no separate mention in 
the entire textbook, even with the inclusion of a separate 
chapter on cardiovascular nursing. The content of the latter 
is more rhetorical than substantive. The discussion on 
pacing makes no mention of emergency pacing, transtho- 
racic pacing, or pacing via a pulmonary artery catheter. At 
the other end of the spectrum, one may quibble with the 
necessity of a separate chapter on anesthesia for cardiac 
surgery in a general textbook. More useful to improving the 
understanding between the internist-cardiologist and the 
anesthesiologist would be a chapter on anesthesia for 
noncardiac surgery. In spite of the significant advances 
made in obstetrical anesthesia and data attesting to the role 
of anesthesia (especially regional anesthesia) in caring for 
the high risk parturient, this reviewer is disturbed and 
frustrated by the dated and unflattering, passing reference 
to anesthesia in the chapter on pregnant cardiac patients. 

How useful is this as a sourcebook on “exotic” diseases 
or approaches? Keshan disease, herbal cardiovascular phar- 
macology, and acupuncture analgesia are certainly fascinat- 
ing and unique subjects, although the latter may be a little 
out of place in a cardiology textbook. Other uncommon 
disease are not covered with much unusual insight. For 
example, Kawasaki's syndrome is discussed by a U.S. 
author in three short paragraphs, and Chagas’ disease, a 
major public health problem in South America, is discussed 
by an Indian, not an American, author. 
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How well does this book serve to convey collective 
viewpoints or comparative opinions from across the na- 
tions? It is largely disappointing. Aside from several chap- 
ters dealing with epidemiologic issues, there is little inter- 
nationalism within individual chapters. For example, it 
would have been very interesting and helpful to the unini- 
tiated if the discussion on herbal pharmacology had been 
placed in the perspective of “traditional” western cardio- 
vascular pharmacopeia. Other areas amenable to collective 
international wisdom may include a comparative approach 
to anesthesia for patients with heart disease (including 
acupuncture), allocation (or its lack) of resource to cardiac 
patients, and choice between medical and surgical treat- 
ment of heart disease. Ironically, this very textbook exem- 
plifies the problem of provincialism exposed by Chapter 83, 
“Medical Communication in Cardiology.” In a broader 
sense, this provincialism extends to medicine as a whole, 
pitted against the other humanities. Indeed, in these times 
of shrinking resources and rising physician accountability, 
are we entitled to single-minded advocacy of more cardiac 
surgery programs in the third world, as suggested by the 
author of Chapter 75, in the midst of basic public health 
problems? 

In summary, this is an interesting book to browse 
through for those who are looking for a comprehensive 
overview on a large number of medical and surgical cardi- 
ology topics, including some new advances. Although it 
has several exceptional chapters, it falls short of standing 
alone as a complete reference work. The “international” 
aspect is well-intended but fails to bring much additional 


insight. 


Hak Y. Wong, MD 

Department of Anesthesia 

Northwestern University Medical School 
Chicago, IL 60611 


Anesthesiology: A Concise Textbook 
T. J. DeKornfeld, ed. New York: Elsevier Science 
Publishing Company, Inc., 1986, 560 pp, $33.95. 


The reviewer apologizes to the editor and authors of this 
textbook for the delay in its review. More than 18 months 
have elapsed since the assignment to assess was accepted. 
In expiation, the task was impossible, partly because this is 
really several books sharing one cover, and partly because 
the authors and editor have really not understood and 
agreed upon either the level of presentation or its likely 
audience. I began this review by reading the foreword, a 
tirade against those who do not read the foreword. There I 
found that 1) it is intended for medical students and ab 
initio anesthetists and, 2) a chapter on equipment was 
omitted by intention. Surely, it was the gadgetry that 
initially attracted me to the specialty. And although men- 
tion of machines and monitors is not vital to the editor's 
aims, it is like eating a meal without cake or ice cream— 
pure nutrients, vitamins, and green vegetables. Because 
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only three of the five sections of the text struck me as 
valuable, what follows here is a review with mixed feelings. 

The iirst section (7 of 40 chapters) is the best, represent- 
ing a resource not collectively available anywhere else. 
Thought-provoking essays by clear thinkers writing con- 
cisely cover history, education, ethics, the law, economics, 
practice patterns, and the care team in the context of 
current anesthesiology. A laudable review would come 
from considering these contributions alone. By themselves, 
they would be worth the price, so all else is a bonus. 

The next eight chapters are, I suppose, obligatory topics 
for a book pointed at medical students. They variously 
succeed or fail. Theories of anesthesia, admittedly incom- 
plete, are categorized as correlation, neurophysiologic, 
biochemical or molecular, and our misgivings about each 
are separately noted. Patient assessment and the preoper- 
ative visit are, in my view, different tasks, but herein are 
combined and presented without a single subheading, 
illustration, or other break for organization. It came across 
as heavy stuff to a dozen medical students on whom I tried 
it out. But when broken into the four steps it identifies, and 
with readings added, it is perceived as clear and organized. 
The p.ece on anesthetic techniques takes the English model 
of three components instead of the earlier Woodbridge 
four-component concept of nothria (strange for an Ameri- 
can text). It also gives local anesthesia equal billing with 
regional anesthesia and general anesthesia, which seems to 
artifidally divide the uses of cocainoids, and to slight 
general agents. The chapter on pharmacology includes too 
mucF review of dynamics and kinetics at a basic level and 
too little exposition of the special qualities of anesthetic 
agen‘s and adjuvants: the kinetics of inhalation dosing, for 
example, are unusual in general pharmacology and para- 
mount in inhalation anesthesia. The chapter on monitoring 
has cetailed, institution-specific, protocols for intravascular 
access but little to guide one in the use of the data provided. 
Radial artery cannulation is given twice the space of ECG 
monutoring as an example of misplaced imperatives. Com- 
puters and Anesthesia” was written as a review for junior 
high school hackers. Essays on respiratory care and recov- 
ery 100m care are concisely competent. In summary, these 
eight chapters could well have been provided as mimeo- 
graphed lecture notes for medical students and left out of 
the textbook, at no net loss. Half a dozen cheaper books 
cover these areas better. 

Thirteen chapters cover 12 “Anesthesia for ....” by 
surgical specialties. I found them useful to give a student, 
one by one, before spending a day in the ENT room, the 
orthopaedic room, the urologic suite, etc. Although no one 
chaDter provides everything a student could be told, each 
has a worthwhile number of cogent points and probably 
moze than a student wants to be told. One can assign a 
chapter and fully expect a student to read it before arrival in 
the OR next day. 


BOOK REVIEWS 


Similarly, nine chapters provide advice for “The Patient 
with . . . Disease,” covering common patient management 
problems in systematic fashion: heart disease, pulmonary 
disease, renal disease, etc. When a student comes back 
from initial preoperative assessment, he or she can be 
directed to one or two of these chapters to provide him or 
her with the anesthesiologist’s alternatives and advice for 
common conditions. 

The last section labeled “miscellaneous” borders on the 
useless; e.g., two and one-half pages on how to read 
science. The equations and derivations of the penultimate 
chapter are often just plain wrong at a high school algebraic 
level. 

The subtitle of this volume is “A Concise Textbook.” PI 
tell you a secret. It got to be concise by taking a big book 
and removing most of the tables, figures, charts, diagrams, 
illustrations, as well as the space consumed by liberal use of 
heading and subheadings which illuminate and enlighten a 
mass of text. Two of the chapters contain 19 of the less than 
30 figures in over 500 pages of text. Many chapters have no 
illustrations, tables, subheadings, or other breaks. Leafing 
through the book, the’ student gets a dull, stolid feeling. 
I've watched them and nothing seems to grab their atten- 
tion. Assignments are initially regarded as a chore, re- 
deemed only by the fact that I didn’t require they read the 
whole thing. On the other hand, fairly senior anesthetists 
have enjoyed and profitted by readings from the first 
section of the book. Possibly, the real audience is not 
students and beginning trainees, but practicing anesthesi- 
ologists. 


Theodore C. Smith, MD 
Professor of Anesthesiology 
Loyola Untversity 

Maywood, IL 60153 
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An exceptional tool for the 
laboraton, MAPS AND 
GUIDE TO MICRO- 
DISSECTION OF THE RAT 
BRAIN describes techniques for the dissec- 
tion, identification, and removal of brain nuclei. 
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This atlas provides step-by-step instructions for each dissection procedure 
along with information on the most appropriate tools. Unlike other atlases, 
MAPS AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN 
describes the size and shape of the brain nuclei, and when appropnate, 

their subdivisions. The text presents material directly applicable to laboratory 
practice and research, all supplemented by more than 200 halftones and line 
drawings. Neuroscientists, neuroanatomists, and physiologists will find MAPS 
AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN a pertect 
laboratory manual for microdissection of the brain. 
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five Nurse Anesthetists. Locum assignments are available A 

for 1-3 months and Board Certification is required. A full- 

time position is also available. American Board Certifica- small 
tion and a minimum of 2 years experience after residency ‘ 
required. reminder 


Our modern 483-bed hospital, JCAH accredited since 1956, 
has all major specialty services as well as most subspecialties 
and functions as a referral center for a patient population of 
approximately 200,000. The medical services organization in- 
cludes four district clinics, one with a new 80-bed hospital. 


These positions offer state-of-the-art health care facilities in 
a multi-national environment. The locum contractor, in addi- 
tion to daily compensation rate, receives a living allowance, 
housing, 4 paid travel days and transportation from and to 
contractors point of origin. Permanent positions offer a com- 
prehensive benefits package. 


To apply, CALL OUR 24 HOUR, 7 DAYS PER WEEK 
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or send resume to: RES-R11, 7676 Hillmont, Suite 290, Dept. 
06G-005-8, Houston, Texas 77040. 
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Rapid 


Well-suited to the rapid turnover of outpatient 
cases, the low solubility of isoflurane in blood 
and tissue (only that of nitrous oxide is lower) 
enables you to quickly adjust the level of anes- 
thesia to patient and surgical requirements. 
Following anesthesia, a rapid washout and 
prompt recovery provide for your early patient 
assessment. Patient alertness and cooperation 
can facilitate handling in the outpatient setting. 
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For outpatient anesthesia - 





Complete 


Without any other agent or premedicant, 
isoflurane provides every action required for 

a complete anesthetic, on a closely controlled, 
breath-by-breath basis: unconsciousness, 
surgical analgesia, amnesia, and good surgical 
muscle relaxation—a useful advantage for 
laparoscopies and orthopedic work, and one 
that begins when the anesthetic begins and 
ends with elimination of the anesthetic, thereby 
decreasing the risk of residual paralysis in 

the PAR. 

Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 


FORANSE isoflurane, USP) 


Meine 


ge 


w 





Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 
from metabolism. 
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Rapid. ..Complete... Excellent Safety Profile 


CAUTION: Federal Law Prohibits Dispenemg without Prescription. 
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Se ee C EE POE Deon te eee ee 
obstetrical aneethecia. 


CONTRAINDICATIONS 

Known sensitivity to FORANE Qzoficrana, USP or to other halogenated agents. 
Known of suspected genetic susceptibility to mahguant hyperthermia. 
PWARNINGE 

seers rapiolmancerermmbaps dorrenaipeder gy Hood ET T E a mivhcmtir 


as anesthesia ts deepened. 


Anaquest Forane® (isoflurane, USP) 





Anaquest 

2005 West Beltline Highway 
Madison WI 63713 2318 

608 273 0019 800 ANA DRUG 


A Division of BOC Inc 


~ 


BOC Health Care 


Increased blood kowa camperabls to thet seen with halothane has been obwerowd in 
patients aborttorns. 


FORANE (teofkisene, DSP) markedly tnoxeeses carob) blood fow at deeper levels af 
ansethoula There mey be a tramadent riea in caanbeal apical fud peeswcuce wrido t Gilty 
reversible with hyperventilation. 


PRECAUTIONS 

bs n ADAT ie ts D S aa Oraa eines A tees oie 
fardibar witt the the ancl and 
ars =. drg cmahiiad ty tinie expia 


administration. 
Laborstary Teste: Transient increases tn BRP setention, blood gincoss and escur 
creatinine with decranss in HON, sarum cholesterol and alictine phoaphetaes have beer. 


Mothers: ft is pot kooman wheather this a aOR in beura milk. Bocen 
are awreted in human milik, caution exerdiewi whan iwofkimarse 
ts aicchdntaret (oa Wantae women. 
Hyperthermia in cosceptible atecthewbe ruy triggar 
a skoka! musak Ey pertoetabotic etate leading to high axyyen cdemnend enc the ctiniosd! 


ney appear Hight anesthesia, acute bypocia, sta) An tnoremee tn 

be reflected in an elevated Le tepicily eaxky or bate in the 
oss, but usually is not the font sign of augmented an wenge 
of the CO, absorption system oentater}. PaO, and pit may checreens, aod hyperlenlernia 
and a bees deficit Treatment T gernu u 
g. of intravenous sppioetion of 

T R E En T 

to pormal, and support as end managoraset of 
sodium for additions! roncecuerent.) Renat taikreo 
may appear Leter, and urine flow should be possible. 


OVERDOSAGE 
in the event of overdosage, or whet mey appear to be overdosage, the following sction 


acirinistertion, setablish a cima: axrwey and initiate aemated oe controled 
wertiiation wih pure aren. 


te the need af the inckhvickon! 
xtionleted FORARE 


and the heart rete tends to be inoreaeed. The use of 
droge is a matter of choice. 

inspired Concentration: The conoenmation of fsafturane being delivered from a waposings 
during anesthesia shouki be known. This mey be accompashed by using: 


b} fen whack daiiearsd Howa can be calculated, ae vaporiness 
Gelivecing a tured! vapor wise te thon hs. Tha dalivei 
from a wepotine: mey be caksilsted the formals: 
x 3 100 Py Fy 
Fy Pa ~ Py 

where, P, ~ Preesute of 

Py = Vapor presente of isofurane 

Fy © Flow of ges through vepoeaer GnL/min) 

Fr « Total gas Gow 


Lourens contains no stabiiiee: Mothing in the agent alten oalibertion or cperatian of 
theee vaporizer: 


Seis A aay A Giese: n Golding, ee aya won a epic 
cards rodetoses rary 


be mmidd by the Ago stn dine of an aisant 
ane 
aie air enen ae pees 


be sumauned wkh a 1.0 to 728% 


jooblame. Excessive 
be dus to depth of anestivns aod in sack netances may be cocrected by ghtening 


HOW SUPPLIED 
FORANE pecforane, USP), NDC 10019-20040, ia packaged in 100 mL ambercolomd 


botties. 
erage: Hor at som Ieediurane comtaina no additives and bea bean 


temperature. 
decnemntmted to be stable at room tempermtnre for periode in encens of fiye yours 
A078 Ravine 10-06 
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MDAS OR CRNAS: 
ANESTHETISTS, WEST 
Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, coop- 
erative, licensed, insured professionals car- 
ing about you. Call 1-800-762-1258, 303A 
West Uintah, Suite 807, Colorado Springs, 
CO 80905. 


TRANS-AMERICAN 








ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, PO Box 5719, Santa Fe, NM 87501. 
(505) 983-7371. 








TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 

Individual or smali group sessions given in 
New York City, San Francisco, and Palm 
Springs. Unique approach to development 
of test-taking skills, including mock orals. 
Basic science emphasis. Call 415-321-1117. 





BEST ORAL BOARD PREP 

At best price. Includes mental training 
techniques for Peak Performance. Four 
practice exams. Reply Best Exam Prep. An- 
esthesia Department, 5400 Gibson S.E., Al- 
buquerque, NM 87108 (505) 262-7197. 





ORAL BOARD REVIEW 

Practice exams with critique. Intensive 
weekend course in Tampa, FL. Next class 
May 13-15. Two instructors. Limited class 
size. Reply: 2656 Gunckel BI., Toledo, OH 
43606 or (419) 729-6325; (419) 475-9641— 
evenings. 








ABA ORAL EXAM REVIEW IN SCOTTSDALE 
This weekend course will stimulate, chal- 
lenge, educate, and prepare candidates for 
the oral exam, using case discussions. Re- 
cent significant research articles will be 
discussed. Special separate sessions for 
FMGs with language difficulties. Limited 
class size. Call for dates and information 
(602) 264-6340. 








FREELANCE ANESTHETISTS 
Temporary and permanent-—-Medical Anes- 
thesiologists—CRNAs/Home-based through- 


out the United States. If you need an anes- 
thetist, call (800) 521-6750, ALL-STATES 
MEDICAL PLACEMENT AGENCY, Box 
91, LaSalle, MI 48145, or (313)241-1454 
(MI). 








MARYLAND 

Anesthesiologist BC/BE sought for three- 
member group serving mdoern 200-bed 
community hospital. Six CRNAs. 4,000 ca- 
ses/year. All surgical subspecialities except 
cardiac. Regional trauma center. Moderate 
OB. Active new outpatient surgery unit 
within hospital. Community of 25,000 in 
mountains of Western Maryland. Close te 
four-season recreational opportunities. Po- 
sition available January 1988, but will wait 
for right person. Salary first, leading to 
partnership. Send CV and references to: 
W.R. Hodges HI, MD, Department of An- 
esthesia, Memorial Hospital and Medical 
Center, Cumberland, MD 21502. 


UNIVERSITY OF MISSOURI 
Anesthesiologists needed at Assistant and 


Associate Professor levels. Must be Board 
certified or Board eligible. Duties include 
patient care, resident and medical student 
teaching, and research. Positions available 
at the University of Missouri Health Sci- 
ences Center. Interested applicants send a 
Curriculum Vitae to: G. W. N. Eggers JR, 
MD, Professor and Chairman, Department 
of Anesthesiology, University of Missouri- 
Columbia, MO 65212. 





ANESTHESIOLOGIST 

BE/BC needed for 200-bed modern commu- 
nity hospital in SW PA 60 miles NE of 
Pittsburgh. College town with excellent 
hunting, fishing, hiking, skiing. Young 
progressive medical staff. Anesthesia team: 
4 MDs, 9 CRNAs. Excellent future. No 
open heart, neuro. Reply to Box KK44, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 








WANT TO PASS THE ORAL BOARDS?? 
WANT TO PASS THE WRITTEN BOARDS?? 

Learn how to take the oral and written 
boards through the use of mock exams and 
individualized critiques. In this weekend 
course you will learn skills in organization, 
analysis, and flexibility necessary to excel 
in the review. Scores of anesthesiologists 
will attest to the success of this review 
course. For references and information, 


send name, address, and telephone num- 
ber to Box KK42 c/o Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510 or 
call (718)727--9690. 








CALIFORNIA ANESTHESIOLOGIST 

One full-time faculty position at the As- 
sistant/Associate Professor level in expand- 
ing, young department with emphasis on 
teaching and research. Complete clinical 
services in one hospital. Prerequisites: fel- 
lowship year or equivalent training in sub- 
specialty area; board eligibility; meet Cali- 
fornia license requirements; ability to write 
scholarly articles and have a genuine com- 
mitment to inquiry. Particular attention will 
be given to those having critical care train- 
ing. Women and minorities are encouraged 
to apply. Send curriculum vitae, bibliogra- 
phy, and names of three references to John H. 
Eisele jr, MD, Anesthesiology Department, 
University of California, Davis, Medical 
Center, 2315 Stockton Blvd., Sacramento, 
CA 95817. Position open until filled but not 
later than February 29, 1988. We are an 
Equal Opportunity/Affirmative Action Em- 
ployer. 





INDIANA 

A position is available for a pediatric anes- 
thesiologist at the assistant or associate 
professor level in the Department of Anes- 
thesia, Indiana University School of Medi- 
cine. Candidates must have completed a 
specialized year in pediatric anesthesia and 
be in the examination system or board 
certified. Please send a curriculum vitae to 


CLASSIFIED ADS 


Anesthesia and Anaigesia makes available classi- 
fied advertising space for thase interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other 
events. Display space (minimum 1/4 page) is 
also available through Pharmaceutical Media, 
Inc. Rates for classified advertising: $1.00 per 
word, minimum twenty words. Additional 
fee of $12.00 for box number ads. Copy dead- 
line ? weeks prior to publication, e.g., for the 
March issue. copy should be received by the 
Ist of January. Full payment or institutional 
purchase order must accompany the copy for 
each ad. Ads received without a check or 
purchase order will be returned. Ad copy, 
subject to acceptance by publisher, should be 
typed double-spaced and mailed in duplicate 
to: 

Anesthesia and Analgesia 

Desk Editorial 

Classified Ads 

Elsevier Science Publishing Ca, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co., Inc. 
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Robert K. Stoelting, M.D., Professor and 
Chairman, Department of Anesthesia, 
Fesler Hall Room 204, Indiana University 
School of Medicine, 1120 South Drive, In- 
dianapolis, IN 46223. 


INDIANA 

Facuity positions are available at the Assis- 
tant and Associate Professor levels for all 
aspects of adult anesthesia including pain 
management. All candidates for these po- 
sitions must be in the examination system 
or board certified. Please send a curriculum 
vitae to Robert K. Stoelting, M.D., Profes- 
sor and Chairman, Department of Anesthe- 
sia, Fesler Hall Room 204, 1120 South 
Drive, Indiana University School of Medi- 
cine, Indianapolis, IN 46223. 


OREGON 

Oregon Health Sciences University, De- 
partment of Anesthesiology, is recruiting 
for faculty members at the Assistant and 
Associate Professor levels. Specialized year 
training or equivalent experience is re- 
quired. Specific need exists in critical care, 
pediatric, obstetrical, and cardiac anesthe- 
sia but others with strong clinical teaching 
interest and ability will be considered. Re- 
search interest and background is desir- 
able. Candidates must be eligible for Ore- 
gon Medical License. Please send C.V. and 
names of three references to Wendell C. 
Stevens, M.D., Department of Anesthesiol- 
ogy, 3181 5.W. Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 
ty/aifirmative action employer. 


MEDICAL COLLEGE OF WISCONSIN 

An opportunity exists for a bright, person- 
able anesthesiologist seeking a stimulating 
academic career. The Medical College of 
Wisconsin Department of Anesthesiology, 
an Affirmative Action Equal Opportunity 
Employer, has a teaching program with 50 
residents, over 60 staff, and seven major 
teaching hospitals. The qualified applicant 
will find numerous avenues to pursue both 
clinical and basic science research. Our 
highly competitive residency program will 
assure a stimulating teaching environment. 
The Milwaukee area offers an abundance of 
cultural and recreational activities with an 
excellent educational system. If you desire 
the benefits of a large city while in an 
environment that preserves your quality of 
life, write to us discussing your abilities 
and strengths. Please include your curricu- 
lum vitae. Address replies to: Karel J. 
Kotrly, M.D., Department of Anesthesiol- 
ogy, 5000 W. National Ave., Milwaukee, 
WI 53295. 


MICHIGAN 
Energetic and personable American gradu- 
ate, BC/BE anesthesiologist needed to join 


seven other anesthesiologists in a fee-for- 
service private practice. 400-plus-bed gen- 
eral hospital. All ialties with the ex 
tion of open heart. Send C.V. to Box LL45, 
clo Anesthesia and Analgesia, 333 Cedar 
Street, New Haven, CT 06510. 


MAINE 

Excellent opportunity for BC/BE Anesthesi- 
ologist to join group practice at a 250-bed 
regional: medical center in central Maine. 
Group includes four physicians and five 
CRNAs. All surgical subspecialties except 
OH. Construction program underway in- 
cludes a new six-room O.R. suite and sup- 
port facilities. Opportunity combines a pro- 
fessionally rewarding practice with a 
four-season area well known for its quality 
of life. Please reply Box LL46, c/o Anesthesia 
and Analgesia, 333 Cedar Street, New Ha- 
ven, CT 06510. 


ANESTHESIOLOGIST BC/BE 

to join group of 10 MDs with CRNAs in a 
large hospital located in a pleasant mid- 
western community on the Great Lakes. 
Busy practice covering all major surgical 
subspecialties plus respiratory/ICU in- 
volvement and minimal OB. Excellent start- 
ing salary and benefits package leading to 
early partnership. Reply to Box LL47, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


ANESTHESIOLOGIST 

Board certified/board eligible, to join a four- 
member incorporated group with CRNAs. 
400-bed community hospital in Western 
Pennsylvania, close to large metropolitan 
areas. Excellent schools, recreational facili- 
ties, friendly community. All types of an- 
esthesia except open heart, minimal OB. 
Reply to: Box LL48 c/o Anesthesia and Anal- 
gesia, 333 Cedar Street, New Haven, CT 
06510. 


ANESTHESIOLOGIST: UPPER MIDWEST 
Tertiary care hospital. Busy heart schedule, 
neuro, pediatric, OB, anesthesia for labor. 
Active outpatient surgery. Pain Clinic. 
Must be able to work effectively as part of 
the anesthesia care team. Will be taking 
in-house call. Fellowship in Cardiac, Pedi- 
atric, OB or Pain a definite asset. Board 
Certified or eligible desired. Include CV, 
references, and photo with initial reply to 
Box LL49 c'o Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 


PEDIATRIC ANESTHESIOLOGIST 

wanted for University Hospitals. Must be 
at least board eligible. Competitive salaries 
and benefits. Inquiries from minority can- 
didates are encouraged. Send curriculum 


vitae to Helmut F. Cascorbi, M.D., Ph.D., 
Professor and Chairman, Department of 
Anesthesiology, University Hospitals of 
Cleveland, 2074 Abington Road, Cleve- 
land, OH 44106. 


UNIVERSITY HOSPITALS OF CLEVELAND 
Department of Anesthesiology is recruiting 
faculty for University Hospitals and affil- 
iated hospital. Candidates with specialty 
training in pediatric anesthesiology or pain 
management preferred. Must be at least 
board eligible. Competitive salaries and 
benefits. Inquiries from minority candi- 
dates are encouraged. Send curriculum vi- 
tae to Helmut F. Cascorbi, M.D., Ph.D., 
Professor and Chairman, Department of 
Anesthesiology, University Hospitals of 
Cleveland, 2074 Abington Road, Cleve- 
land, OH 44106. 


DON’T BE UNPREPARED 

ORAL BOARD PREPARATIONS, PRAC- 
TICE EXAMS WITH CRITIQUE/INTEN- 
SIVE WEEKEND COURSE. 

THREE BOARD-CERTIFIED, ACADEMIC 
ANESTHESIOLOGISTS. Limited Class 
Size; Reply: (313) 429-4384, (313) 668-8966, 
(305) 352-9138. TO INQUIRE IN WRITING 
PLEASE ADDRESS TO: 2988 ROBAL CT. 
SALINE, MI 48176 


DELAWARE 

Anesthesiologist needed on or about July 1, 
1988 to join very attractive fee-for-service 
group of MDs and CRNAs. Busy 200-bed 
hospital doing all surgery except open 
heart. Minimal OB. Major cities, resorts 
nearby. Prefer graduating resident, but will 
consider all. Don’t miss this one. Reply to 
Box MM50, c/o Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 


MAINE BE/BC ANESTHESIOLOGIST 

for unqgiue practice opportunity to join an 
anesthesiologist in Southwestern Maine 
and serve two growing JCAH hospitals. 
Quality living in a beautiful region of the 
state surrounded by lakes, mountains, ski- 
ing, and within 45 minutes of major cities, 
ocean , etc. Send CV to Box MM51, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 


AAA CRNA 

To confidentially explore salaried and con- 
tract positions available at our facilities in 
the U.S., reply with CV/resume and in- 
clude availability date, licensure status, and 
geographical preference. NAMA Profes- 
sional Bldg., Suite 200, 138 East Street, 
Carlisle, MA 01741. 


HOW TO CHOOSE AND MANAGE ANESTHE- 
SIA PRACTICE 

A seminar for anesthesia residents and 
recent graduates in anesthesia sponsored 
by Beth Israel Medical Center and Mount 
Sinai School of Medicine, will take place on 
Saturday, March 19, 1988, at Beth Israel 
Medical Center in New York. For further 
information write or call Dr. Isaac Azar, 
(212) 420-2385. 


KENTUCKY 

Unusual opportunity for mature BE/BC an- 
esthesiologist to join a six-physician depart- 
ment in a community hospital located in 
the heart of the Bluegrass. Anesthesia for 
all subspecialties. Some supervision of 
CRNAs. Competitive salary. Liberal fringe 
benefits. Very adequate leisure time. Early 
partnership. Send CV and three references 
to Director of Anesthesia, Good Samaritan 
Hospital, 300 Limestone, Lexington, KY 
40508. 


UNIVERSITY OF CALIFORNIA, DAVIS DE- 
PARTMENT OF ANESTHESIOLOGY 

Faculty position available, Assistant/Asso- 
ciate/Full Professor level, (level commesu- 
rate with qualifications). Position is in ex- 
panding, young department with emphasis 
on teaching and research. Particular em- 
phasis on critical care (trauma), pain man- 
agement, and out-patient anesthesia. Pre- 
requisites include: board certified; meet 
California license requirements; clinical ex- 
pertise; demonstrated ability as a research 
scientist and ability to write scholarly arti- 
cles. Women and minorities are encour- 
aged to apply. Send curriculum vitae, bib- 
liography, and names of five references to: 
John H. Eisele, Jr., M.D., Anesthesiology 
Department, University of California, Da- 
vis, Medical Center, 2315 Stockton Blvd., 
Sacramento, California 95817. This position 
is opened until filled but not later than April 30, 
1988. We are an Equal Opportunity, Affir- 
mative Action Employer. 





FACULTY POSITIONS AT UNIV. CALIF., DA- 
VIS 

Eight full-time faculty positions at the As- 
sistant/Associate/Full Professor level (title 
series, rank and salary commensurate with 
experience and qualifications). The posi- 
tions require demonstrated experience in 
didactic teaching, clinical training, and pa- 
tient care, with an established research 
interest. Applicants must have at least 4 
years of postgraduate training, completion 
of an approved anesthesia residency plus a 
fellowship year or equivalent training in 
subspecialty area; board eligibility; meet 
California license requirements. Particular 
attention will be given to those having 
critical care, pain, OB/Gyn or ambulatory 
surgery training. Women and minorities 


are encouraged to apply. Send curriculum 
vitae, bibliography, and names of three refer- 
ences to John H. Eisele, Jr., M.D., Anesthe- 
siology Department, University of Califor- 
nia, Davis, Medical Center, 2315 Stockton 
Blvd., Sacramento, CA 95817. Position 
open until filled but not later than October 
31, 1988. We are an Equal Opportunity/Af- 
firmative Action Employer. 


ARIZONA 

The Department of Anesthesiology at the 
University of Arizona College of Medicine 
has openings for both clinical and tenure 
track faculty. Female and minority appli- 
cants are welcome. Applicants interested in 
an academic career should contact: Burnell 
R. Brown Jr, M.D., Ph.D., Department of 
Anesthesiology, Arizona Health Sciences 
Center, Tucson, AZ 85724. Equal Employ- 
ment Opportunity/Affirmative Action Em- 
ployer. Closing date: 6/30/88. 


ANESTHESIOLOGISTS: BALTIMORE—WASH- 
INGTON AREA 

500-bed teaching hospital with medical 

school affiliations. All types of procedures 

performed. Competitive salary and bene- 

fits. Please send resume to: Box MM52, c/o 

Anesthesia and Analgesia, 333 Cedar Street, 

New Haven, CT 06510. 


OPPORTUNITIES IN MAJOR TEACHING IN- 
STITUTION 

Anesthesiologist: Full-time, tenure-track, 
teaching positions in a large, rapidly ex- 
panding University program available at 
Assistant, Associate, and full Professor lev- 
els; unique opportunities available in pedi- 
atric, neuro, cardiac, and particularly in 
pediatric cardiac anesthesia. Also in OB 
anesthesia and intensive care. ABA certifi- 
cation desirable but not mandatory. Com- 
petitive salaries and fringe benefits. Ad- 
dress inquiries, including curriculum vitae 
to: Alan P. Winnie, M.D., Head, Depart- 
ment of Anesthesiology, University of Illi- 
nois Hospital, 3200W M/C 515, 1740 W. 
Taylor Street, Chicago, IL 60612. The Uni- 
versity of Illinois is an Equal Opportunity/ 
Affirmative Action Employer. 


CRNA: MOREHEAD MEMORIAL HOSPITAL 
is currently seeking CRNA due to ex- 
panded surgical services. Position is full- 
time and offers guaranteed 40 hours salary 
per week, shared call, and call back pay. 
Varied surgical caseload and professional 
staff provides challenging and supportive 
work environment. Experienced CRNAs 
and new graduates welcome. Starting sal- 
ary commensurate with experience, and 
comprehensive benefit package includes 
paid health, life, and disability insurance, 
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as well as generous time off. Qualified 
applicants please apply to: Personnel De- 
partment, Morehead Memorial Hospital, 
117 E. Kings Highway, Eden, N.C. 27288, 
(919) 623-9711. 


DIRECTOR OF OBSTETRIC ANESTHESIA 
The University of Pittsburgh invites appli- 
cations for the position of full-time Director 
of OB anesthesia for Magee-Womens Hos- 
pital. Responsibilities include supervision 
of the clinical service (10,500 deliveries per 
year) including resident training; research 
and teaching experience required. Contact 
Ray McKenzie, MD, Professor and Chief, 
Magee-Womens Hospital, Pittsburgh, PA 
15213. University of Pittsburgh is an Equal 
Opportunity employer. 


ANESTHESIOLOGY RESIDENTS 

Royal College Fellowship certificate hold- 
ers seeking entrance into the examination 
and certification system of the American 
Board of Anesthesiology are encouraged 
to apply for 1 year of clinical training in 
Anesthesiology at the CA-3 level at The 
University of Alabama at Birmingham. For 
further information, contact Director of 
Resident Education, Dr. James Boyce, De- 
partment of Anesthesiology, The Univer- 
sity of Alabama at Birmingham, 619 South 
19th Street, Birmingham, Alabama 35233 
(telephone 205/934-6500). An Affirmative 
Action/Equal Opportunity Employer. 





WISCONSIN: MEDICAL COLLEGE OF WIS- 
CONSIN 

Department of Anesthesiology has an im- 
mediate opening for an individual with 
primary interest in critical care medicine. 
Qualifications include ABA certification or 
Board eligibility, completion of a critical 
care fellowship and Wisconsin state licen- 
sure or eligibility. Applicants should have 
strong interest in clinical teaching and pa- 
tient care. Research interest and back- 
ground are desirable. Salary and level of 
faculty position will be commensurate with 
qualifications. Interested candidates should 
send CV to: Eugene Y. Cheng, M.D., De- 
partment of Anesthesiology, Medical Col- 
lege of Wisconsin, 9200 W. Wisconsin Av- 
enue, Milwaukee, WI 53226. 





PASS YOUR ORAL BOARDS 

Learn how! Reorganize and clarify your 
knowledge for unique questions and nec- 
essary answers. Best preparation by mail for 
oral format. Anesthesia Tutorials; Box 253, 
245 East 54 Street, New York, NY 10022. 
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Key advantages 
in induction 


INCIDENCE OF APNEA 
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¢ Better hemodynamic stability 


While differences were not statistically significant, 
VERSED IV. produced less pronounced decreases 
in stroke volume, heart rate, cardiac output and sys- 
temic vascular resistance...and a less pronounced 
increase in mean right atrial pressure? 


¢ Pronounced anterograde 
amnesia 


significantly more VERSED-treated patients (24/24 
had complete or partial anterograde amnesia than 
did thiopental-treated patients (13/26)! 


As a standard precaution, pror to LV administration of VERSED in 
any dose, oxygen and resuscitative equigment should be immedi- 
alely available. VERSED should be used as an induction agent only 
by persons trained im anesthesiology and familiar with all dosing and 
administration guidelmes. Reduce dosage in elderly and debilitated. 
in patents receiving narcotic premedication. and in those with 
hmuted pulmonary reserve. 


INJECTA 


zolam HC 


equivalent to 1. mg/mL or 5 mg/m 
A significant advance in anesthetic induction 


Please see references ahd summary of product mflormation on the following page 





References: 1. Data on file (Doc. #069-005, 007), Roche Laboratories. 2. VERSED® 
(brand of midazolam HCI/Roche) Œ . Scientific Summary, Roche Laboratories, a 
division of Hoffmann-La Roche inc., Nutley, NJ, 1986. 





VERSED* 
(brand of midazolam HCI/Roche)(V 
INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 


intravenous VERSED has been associated with respiratory depression and respi- 
ratory arrest. especially when used for conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hos- 
pita’ or ambulatory care settings, including physicians’ offices, that provide for 
continuous monitoring of respiratory and cardiac function. Immediate availability 
of resuscitative drugs and equipment and personne! trained in their use should be 
assured. (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concom- 
tant narcotics or other CNS depressants. The initial dose and all subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative effect. The use 
of the 1 mg/mL. formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to facilitate slower injection. Consult complete product information 
under DOSAGE AND ADMINISTRATION for complete dosing information 





CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
diazepines are contraindicated in patients with acute narrow angie glaucoma, may 
be used in open angie glaucoma only if patients are receiving appropriate therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personnel for maintenance of a patent airway and support of venti- 
lation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures are 
taken immediately. Vital signs should continue to be monitored during the recovery 
period. Because IV VERSED depresses respiration, and opioid agonists and other 
sedatives can add to this depression, it should be administered as an induction agent 
only by a person trained in genera! anesthesia and should be used for conscious 
sedation only in the presence of personne! skilled in early detection of underventila- 
tion, maintaining a patent airway and supporting ventilation. For conscious seda- 
tion, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have inciuded respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diag- 
nostic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patents premedicated 
with narcotic, 

Reactions such as agitation. involuntary movements, hyperactivity and combativeness 


have been reported. These may be due to inadequate or excessive dosing or improper 


administration; however, the possibility of cerebral hypoxia or true paradoxical 
reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and al! other drugs should be evaluated before proceeding 
Concomitant use of barbiturates, alcohol ar other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 

Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly, Because elderly patients frequently have inefficient function of 
one of more organ systems, and because dosage requirements have been shown to 
decrease with age. reduce initial dosage and consider possibility of a profound and/or 
prolonged effect. 

Do not administer in shock, coma, acute aiccho! intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute ilinesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection, hazards in humans unknown. Avoid 
extravasation. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction time 
under stress. This drug is never used alone during anesthesia, and the contribution of 
other perioperative drugs and events can vary. The decis:on as to when patients may 
engage in activities requiring mental alertness must be individualized, it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or unt) the day after anes- 
thesia, whichever is longer 

Usage in Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chlordiazepoxide) has been 
suggested in several studies. If VERSED is used during pregnancy, apprise the 
patient of the potential hazard to the fetus. 

PRECAUTIONS: Genera! Decrease intravenous doses in elderiy and debilitated 
patients. These patients will aiso probably take longer to recover completely after 
VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 

information for patients; Communicate the following information and instructions to 
the patient when appropriate: 1. inform your physician about any aicoho! consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
increased effect when consumed with benzodiazepines: therefore. caution shouid be 
exercised regarding simultaneous ingestion of aicoho! and benzodiazepines 

2. inform your physician if you are pregnant or are planning to become pregnant. 


ALIN 


VERSED® (brand of midazolam HCi/Roche) 
3. Inform your physician if you are nursing. 


Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital 
and innovar (fentany! and droperidol). Consequently, adjust the dosage according to 
the type and amount of premedication. 

A moderate reduction in induction dosage requirements of thiopental (about 15%) 
has been noted following use of IM VERSED for premedication. 

(y administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, VERSED 
and pancuronium have been used together in patients without noting clinically signifi- 
cant changes in dosage. onset or duration. VERSED does not protect against the 
characteristic circulatory changes noted after administration of succinylcholine or 
pancuronium, or against the increased intracranial pressure noted following adminis- 
tration of succinyicholine. VERSED does not cause a clinically significant change in 
dosage, onset or duration of a single intubating dose of succinyichoiine. 

No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrroiate, 
diazepam, hydroxyzine, d-tubocurarine, succinyicholine and nondepolarizing 
muscle relaxants) or topical local anesthetics (including tidocaine, dycionine HCI and 
Cetacaine) have been observed. 

Drug/laboratory test interactions. Midazolam has not been shown to interfere with 
clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked increase in incidence of hepatic tumors and male rats had 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
were found after chronic use, whereas human use will ordinarily be of singie or several 
doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human lV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show evi- 
dence of teratogenicity in rabbits and rats 

Labor and delivery. Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonata! CNS depression, VERSED is not rec- 
ommended for obstetrical use. 

Nursing mothers: it ig not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman 

Pediatric use. Safety and effectiveness in children below the age of 18 have not been 
established. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespiratory 
events and possible paradoxical reactions. Fluctuations in vita! signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients following 
IV and 10.8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations in blood pressure and pulse rate. 
Following IM injection. headache (1.3%): local effects at IM site: pain (3.7%), induration 
(0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV administration: hic- 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%). headache (1.5%), drowsiness (1.2%). local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%). phlebitis 
(0.4%). Other effects (< 1%) mainly following IV administration: Respiratory. Laryngo- 
spasm, bronchospasm. dyspnea, hyperventilation, wheezing, shallow respirations, 
airway obstruction, tachyopnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovaga! episode, tachycardia, nodal rhythm. Gastrointestinal: Acid 
taste, excessive salivation, retching. CNS/Neuromuscuiar: Retrograde amnesia. 
euphoria, confusion, argumentativeness. nervousness. anxiety, grogginess, restless- 
ness, emergence delirium or agitation, prolonged emergence from anesthesia, 
dreaming during emergence, sleep disturbance, insomnia, nightmares, athetoid 
movements, ataxia. dizziness. dysphoria, slurred speech. dysphonia, paresthesia. 
Special Sense: Blurred vision, diplopia, nystagmus. pinpoint pups, Cyclic movements 
of eyelids, visual disturbance, difficulty focusing eyes, ears Blocked, loss of balance, 
lightheadedness. integumentary. Hives, hive-like elevation at injection site, swelling 
or feeling of burning, warmth or coldness at injection site, rash, pruritus. Miscella- 
neous: Yawning. lethargy, chills, weakness. toothache, faint feeling, hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential is at least equiv- 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resembie those observed with other benzo- 
diazepines (e.g., sedation, somnolence, confusion, impaired coordination. diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in respiratory depression and/or arrest. 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product information. 
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Total Oximetry. 
Only from Ohmeda. 


For relief from the headache of too many brands. 


It's a complete network of pulse oximeters and family of 
probes. So you can simplify, save time and get relief from the 
headache of too many brands. 


Just look at all we offer: 

E 3700 Pulse Oximeter 

@ 3740 Pulse Oximeter 

E Portable 3760 Pulse Oximeter with Printer 
E FarProbe 

E FingerClip 

E FlexProbe 

E SoftProbe 


E Plus a National Service Organization 


Total oximetry. Only from Ohmeda. 


We're turning oximetry in the right direction. 
And isn't that a relief? 


Ohmeda 


Ohmeda 

1315 West Century Drive 

Louisville CO 80027 USA 

To order: Hospital 1 800 345 2700 Nonhospital 1 800 652 2469 
Tel 303 666 7001 Telex 296 445 BTI UR 

A Division of The BOC Group Inc 
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Rush-Presbyterian- 
- St. Luke’s Medical Center 
presents 


ADVANCES IN NON-INVASIVE MONITORING 
AND PATIENT SAFETY 


March 26-27, 1988 
Chicago, Illinois 


This symposium will identify the technological ad- 
vances in non-invasive monitoring and assist the par- 
ticipant in assessing the need for non-invasive monitor- 
ing in their practice of anasthesiology. Participants will 
learn to recognize the medica! legal perspective toward 
the use of non-invasive monitoring, and the current 
concepts and perspectives toward automated anesthe- 
sia record keeping. 


This course has been approved for 12 hours of credit in 
Category | of the Physician's Recognition award of the 
American Medical Association. 


FEE: $150 Physician, $100 CRNA, $50 Resident 


Fur further information: 


Office of Continuing Medical Education 
Rush-Presbyterian-St. Luke’s Medical Center 
600 S. Paulina St. 

Chicago, tl 60612 
(312) 942-7095 





BEN, McGill University 
flees) 1987 Annual Review Course in Anaesthesia 
Rag May 30 - June 3, 1988 


Designed primarily for residents in training or preparing for examinations 
and practicing specialists desirous of reevaluating their mode of practice as 
it relates te currently accepted teaching. 


The distinguished guest faculty will include 


_ Fred G., Brindle 
. Lynn M. Broadman 
. Burnell R. Brown, jr. Dr. Peter Rothstein 
. Gordon Drummond Dr. Lawrence J. Saidman 
. Pierre Foëx Dr. Donald R. Stanski 
Dr. Joel A. Kaplan Dr. M. Keith Sykes 
Dr. Richard L. Knell 


The CME unit of McGill University designates this continuing medical 
education activity for 25 credit hours in Category 1 of the Physicians 


Dr. George Lampe 
Dr. J. Stephen Nauity 


Recognition Award of the American Medical Association. The CME unit of 
McGill University is fully accredited by the Committee on Accreditation of 
Canadian Medical Schools and the Accreditation Council for Continuing 
Medical Education of the United States to sponsor continuing medical 
education for physicians. Letters of attendance will be given to all registered 
delegates. 


FEES: Before April 15, 1988 
Physicians: $355.00 Can. or $275.00 US 
Residents: *$265.00 Can. or $205.00 US 


* Residents must supply letter from Chief of Service. 
For further details. please write to: 


After April 15, 1987 
$385.00 Can. or $300.00 US 
$285.00 Can. or $225.00 US 


Claire Diano 

Post-Graduate Board 

Royal Victoria Hospital 

687 Pine Avenue West 
Montreal, Que. HIJA IAI 

Tel. (514) 842-1231, ext. 5300 
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Regonol (oyndostgmine bromide necon 


BRIEF SUMMARY ——(Piease consult full package insert. 
enclosed in every package. before using Regono!) 
INDICATIONS Pyridostigmine bromide is useful as a rever- 
sal agent or antagonist to nondepoiarizing muscle relaxants. 
CONTRAINDICATIONS-— Known hypersensitivity to anticho- 
linesterase agents: intestinal and urinary obstructions of 
mechanical type. 

WARNINGS —Pyrdostigmine bromide should be used with 
particular caution in patients with bronchial asthma or cardiac 
dysrhythimas. Transient bradycardia may occur and be 
relieved by atropine sulfate. Atropine should also be used with 
caution in patients with cardiac dysrhythmias. When large 
doses of pynidostigmine bromide are administered. as during 
reversal of muscle relaxants. prior or simultaneous imection of 
atropine sulfate is advisable. Because of the possibility of 
hypersensitivity in an occasional patient, atropine and anti- 
shock medication should always be readily available. 

When used as an antagonist to nondepolarizing muscle 
relaxants. adequate recovery of voluntary respiration and 
neuromuscular transmission must be obtained prior to dis- 
continuation of respiratory assistance and there should be 
continuous patient observation. Satisfactory recovery may be 
defined by a combination of clinical judgement. respiratory 
measurements and observation of the effects of peripheral 
nerve stimulation if there is any doubt concerning the age- 
quacy of recovery from the effects of the nandepolanzing 
muscie relaxant, artificial ventilation should be continued until 
all doubi has been removed 


Use in Pregnancy-—The safety of pyridostiqmine bromide 
during pregnancy or lactation in humans has not been estab- 
lished. Theretore its use in women who are pregnant requires 
weighing the drugs potential benelits against its oossibie 
hazards to mother and child 

ADVERSE REACTIONS- The side effects of pyridostigmine 
bromide are most commonly related to overdosage and gen- 
erally are of two varieties, muscarinic and nicotinic. Among 
those in the former group are nausea, vomiting, diarrhea, 
abdominal cramps, increased peristalsis. increased saliva- 
tion, increased bronchial secretions, miosis and diaphoresis 
Nicotinic side effects are comprised chiefly of muscie 
cramps. fasciculation and weakness. Muscarinic side effects 
can usually be counteracted by atropine. As with any com- 
pound containing the bromide radical, a skin rash may be 
seen in an occasional patient. Such reactions usually subside 
pramptly upon discontinuance of the medication. Throm- 
bophiebiis has been reported subsequent to intravenous 
administration 


DOSAGE AND ADMINISTRATION --When pyridostigmine 
bromide is given intravenously to reverse the action of musce 
relaxant drugs. it's recommended that atropine suilate (0.6 to 
1.2 mg) or glycopyrrolate in equipotent doses be given intra- 
venously immediately prior to or simultaneous with its admin- 
istration. Side effects, notably excessive secretions and 
bradycardia, are thereby minimized. Reversa! dosages range 
from 0.1-0 25 mg/kg. Usually 10 or 20 mg. of pyridostigmine 
bromide wil be sullicient for antagonism of the effects of the 
nondepoiarizing muscle relaxants. Although full recovery may 
occur within 15 minutes in most patients. others may require a 
half hour or more. Satisfactory reversal can be evident by ade- 
quate voluntary respiration, respiratory measurements and 
use of a penpheral nerve stimulator device. It is recom- 
mended that the patient be well ventilated and a patent airway 
maintained until complete recovery of normal respiration is 
assured. Once satisfactory reversal has been attained, 
recurarzation has not been reported. 

Failure of pyridostigmine bromide to provide prarnot (within 
30 minutes} reversal may occur, e9. in the presence ol 
extreme debilitation. carcinomatosis, or with concorntant use 
of certain broad spectrum antibiotics or anesthetic agents, 
notably ether. Under these circumstances ventilation must be 
supported by artificial means until the patient has resumed 
control of his respiration, 

HOW SUPPLIED.—-Regono! is available in: 

5mg./m: 2mi. ampuls-—~ boxes of 25---NDC-0052-0460-02 

Sm. vials —boxes of 25-~-NDC-0052-0460-05 

REFERENCES: 

1. Gyermek L Clinical studies on the reversal of the neuro- 
muscular blockade produced by pancuronium bromide. 7 
The effects of glycopyrrolate and pyridastigmine. Curr Ther 
Res 18.377 -386, 1975. 

2. Ravin MB: Pyndostigmine as an antagonist of d-tubo- 
curannine-induced and pancuronium-induced meuromus- 
cular blockade. Anesth Anaig-~ Curt Res §4:317-321, 1975. 


Organon Pharmaceuticals 
Organon) A Division of Organon Inc. 
West Orange, N.J. 07052 
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(pyridostigmine <== 
bromide injection, USP) 
when compared to neostigmine 


|] Clinically fewer side effects 

O Significantly lower degree and incidence of: 
1) Bradycardia 
2) Salivation 
3) Gastrointestinal stimulation 

|] Wide margin of safety’? 
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Now with greater range 











and improved clarity * 
The new TRANSCOR Il Radio-Stethoscope. 
Have complete freedom of movement hes Compact and Comfortable. The radio/receiver clips 
without missing a beat. Or a breath. onto yon ae suit, while the ioe headsets are de- 
Si , Iso broad- 

The Transcor II Radio-Stethoscope frees you ax Signed for comfort and extended.use. You can a 
to monitor equipment, prepare Stal Mae picker cast vital sounds through a tabletop FM radio. 
medication and even take notes. And all.the Simultaneous Monitoring. Multiple radio/receivers 
while maintain vigilance of vital sounds wherever allow more than one person to listen to the patient at the 
you are in the operating room. 2 same time. Excellent for teaching. Multiple-channel system 

also available. 

Easy Use. Quality Sound. The Transcor || d 
microphone attaches directly to any standard Only $295.00. For the complete Transcor Il system | 
esophageal or precordial stethoscope. ‘SO you _ (receiver, transmitter, microphone, headsets, adaptor. = ==> 
get stethoscope-quality sound without the à- for molded earpiece, precordial stethoscopic head and 
restrictions of the stethoscope. Less interference, [Tanscgprpediatric'stethoscopic head. 
too, from electrocautery and other operating Upgrade your original | | 
room background sources. —— — -= Transcor system. Sony Walkman® 


Headset Input Receiver | 





If you already own 

a Transcor Radio- 
‘Stethoscope, return it 
| to. us with your check 





for$50 and we'll 
sendyouaTranscor = 
IkLsystem, with — yh, 
greater range and 
Clarity. > 
Mono/Stereo Ear Buds 


with Adaptor for ——___ 
Molded Earpiece 


Transcor 
Wireless 


Limited time offer. Transmitter 
- Supervise multiple operating 3 | 8Walkmanis aregistered — 


trademark of the Sony Corp. 


rooms. Order the Transcor II 
-», today and we'll send you a 
cas 1 oe. 2-channel receiver for monitoring 
fof multiple operating rooms, 7 : 
"(a s90 value) Free. < 7 O 


To order:Phone (203) 724-4414 
or send a check 

for $295 to 

Transcor, Inc.» 

630 Oakwood Avenue 
Suite 438 

West Hartford, CT 06110 
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Norcuron 


(vecuronium bromide) for injection 
In the vial-syringe package... 






reduces preparation time, cost, and waste. 
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Hees et Now..even greater ordering flexibility. 


Each 10 mL vial contains 10 mg of 
lyophilized vecuronium bromide. Each 

10 mL prefilled syringe of diluent contains 
bacteriostatic water for injection, USP. 
Supplied in boxes of 10. 


C Convenient, easy to mix...cuts prepa- 
ration time. 


O Each vial-syringe unit comes complete 
with its own 22-gauge 14-inch needle, an 
added benefit at a cost saving when 
compared to atracurium. 


O Waste can be minimized...unused 
portion prepared with bacteriostatic water 
can be stored for up to five days. 
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Available in the 5 mL vial pack 
with diluent, 10 mL vial pack with 
diluent, and 10 mL vial bans without 
ent—as well as the new 
vial-syringe convenience pack. 


Ceno) WEST ORANGE, NEW JERSEY 07052 
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BERSHIP is available to individuals certified, licensed, or accredited by 
anesthesia-related professions (CRNA, CRIT, RRT, Physician Assistant). 
EDUCATIONAL MEMBERSHIP (half the full member price) is available to interns, 
residents, students in nurse anesthesia and related training programs, fora 
2- or 3-year period only upon completion of application including certifica- 
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All membership payments and correspondence regarding IARS member 
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Subscription information for 1988 nembers: Institu- 
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Advertising inguiries should be addressed to: Pharmaceutical Media, Inc, 
130 Madison Avenue, New York, NY 10016. Although all advertising material 
is expected to conform to ethical (medical) standards, inclusion in this 
publication does not constitute a guarantee or endorsement of the quality or 
value of such product or of the claim made of it by its manufacturer. 
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Before prescribing, please consult complete prescribing information, of which the following is a brief summary 
CAUTION: Federal Law Prohibits Dispensing Without Prescription. 


DESCRIPTION: SUFENTA is a sterile, preservative free, aqueous solution containing sufentanil citrate equiva- 
lent to 50 pg per mi of sufentanil base for intravenous injection. The solution has a pH range of 3.5-6.0 


INDICATIONS AND USAGE: SUFENTA (sufentanil citrate)is indicated: As an analgesic adjunct in the 
maintenance of balanced general anesthesia. As a primary anesthetic agent for the induction and maintenance 
of anesthesia with 100% oxygen in patients undergoing major surgical procedures, such as cardiovascular 
surgery or neurosurgical procedures in the sitting position, to provide favorable myocardial and cerebral oxygen 
balance or when extended postoperative ventilation is anticipated. SEE DOSAGE CHART FOR MORE COMPLETE 
INFORMATION ON THE USE OF SUFENTA 


CONTRAINDICATIONS: SUFENTA is contraindicated in patients with known hypersensitivity to the drug 


WARNINGS: SUFENTA should be administered only by persons specifically trained in the use of 
intravenous anesthetics and management of the respiratory effects of potent opioids. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available. 


SUFENTA may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence and severity of 
muscle rigidity is dose related. Administration of SUFENTA may produce muscular rigidity with a more rapid 
onset than that seen with fentanyl. SUFENTA may produce muscular rigidity that involves the skeletal muscles 
of the neck and extremities. The incidence can be reduced by: 1) administration of up to '/s of the full para- 
lyzing dose of a non-depolarizing neuromuscular blocking agent just prior to administration of SUFENTA at 
dosages of up to 8 pg/kg, 2) administration of a full paralyzing dose of a neuromuscular blocking agent 


following loss of consciousness when SUFENTA is used in anesthetic dosages (above 8 pg/kg) titrated by slow 
intravenous infusion, of, 3) simultaneous administration of SUFENTA and a full paralyzing dose of a neuro- 
muscular blocking agent when SUFENTA is used in rapidly administered anesthetic dosages (above 8 pg/kg). 
The neuromuscular blocking agent should be compatible with the patient's cardiovascular status. Adequate 
facilities should be available for postoperative monitoring and ventilation of patients administered SUFENTA. 
It is essential that these facilities be fully equipped to handle all degrees of respiratory depression 


PRECAUTIONS: General: The initial dose of SUFENTA should be appropriately reduced in elderly and debili- 
tated patients. The effect of the initial dose should be considered in determining supplemental doses. Vital 
signs should be monitored routinely. Nitrous oxide may produce cardiovascular depression when given with 
high doses of SUFENTA (see CLINICAL PHARMACOLOGY). The hemodynamic effects of a particular muscle 
relaxant and the degree of skeletal muscle relaxation required should be considered in the selection of a 
neuromuscular blocking agent. High doses of pancuronium may produce increases in heart rate during 
SUFENTA-oxygen anesthesia, Bradycardia has been reported infrequently with SUFENTA-oxygen anesthesia 
and has been responsive to atropine. Respiratory depression caused by opioid analgesics can be reversed by 
opioid antagonists such as naloxone. Because the duration of respiratory depression produced by SUFENTA 
may last longer than the duration of the opioid antagonist actien, appropriate surveillance should be maintained. 
As with all potent opioids, profound analgesia is accompanied by respiratory depression and diminished sensi- 
tivity to CO. stimulation which may persist into or recur in the postoperative period. Appropriate postoperative 
monitoring should be employed to ensure that adequate spontaneous breathing is established and maintained 
prior to discharging the patient from the recovery area. Interaction with Other Central Nervous System 
Depressants: Both the magnitude and duration of central nervous system and cardiovascular effects may be 
enhanced when SUFENTA is administered to patients receiving barbiturates, tranquilizers, other opioids, general 
anesthetics or other CNS depressants. In such cases of combined treatment, the dose of one or both agents 
should be reduced. Head Injuries: SUFENTA may obscure the clinical course of patients with head injuries 
Impaired Respiration: SUFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or 
controlled respiration. Impaired Hepatic or Renal Function: In patients with liver or kidney dysfunction, SUFENTA 
should be administered with caution due to the importance of these organs in the metabolism and excretion 
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sufentanil citrate) Injection C 


Predictable control for longer, more stressful procedures 


PROVIDES smooth induction’ 


BLUNTS hemodynamic response to intubation 
and surgical stimulation? 


REDUCES need for vasoactive drugs in 
the intraoperative and postoperative periods’ 


RESULTS in lower postoperative morbidity after 
aortic surgery compared with isoflurane? 


(in a randomized study comparing sufentanil and isoflurane) 


CONVENIENT: Fewer ampoules to open 


of SUFENTA 


Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of SUFENTA 
have been performed to evaluate carcinogenic potential. The micronucleus test in female rats revealed that 
single intravenous doses of SUFENTA as high as 80 pg/kg (approximately 2.5 times the upper human dose) 
produced no structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating 
test also revealed no mutagenic activity. See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits 


Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when 
given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects were 
most probably due to maternal toxicity (decreased food consumption with increased mortality) following 


prolonged administration of the drug. No evidence of teratogenic effects have been observed after administra- 


tion of SUFENTA in rats or rabbits. There are no adequate and well-controlled studies in pregnant women 
SUFENTA should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus 


Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery 
Therefore, such use is not recommended 


Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are 
excreted in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 


Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardio- 


vascular surgery has been documented in a limited number of cases 


Animal Toxicology: The intravenous LD<, of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in 
guinea pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of 
up to 2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates 
due to decreased food consumption and anoxia, which preclude any meaningful interpretation of the results 


ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and 
skeletal muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of 
respiratory depression and skeletal muscle rigidity. The most frequent adverse reactions in clinical trials involv 
ing 320 patients administered SUFENTA were hypotension (7%), hypertension (3%), chest wall rigicity (3%) 
and bradycardia (3%). Other adverse reactions with a reported incidence of less than 1% were 


Dermatological: itching, erythema 
Central Nervous System: chills 
Miscellaneous: intraoperative muscle movement 


Cardiovascular: tachycardia, arrhythmia 
Gastrointestinal: nausea, vomiting 
Respiratory: apnea, postoperative respiratory 
depression, bronchospasm 


DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |! controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused 


OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 
(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of over 
dosage with SUFENTA have been established during clinical trials. The intravenous LD.,, of SUFENTA in male 
rats is 9.34 to 12.5 mg/kg (see ANIMAL TOXICOLOGY for LOD.,s in other species). Intravenous administration 
of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with SUFENTA may be longer than 
the duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude 
more immediate countermeasures. In the event of overdosage, oxygen should be administered and ventilation 
assisted or controlled as indicated for hypoventilation or apnea. A patent airway must be maintained, and a 
nasopharyngeal airway or endotracheal tube may be indicated. If depressed respiration is associated with 
muscular rigidity, a neuromuscular blocking agent may be required to facilitate assisted or controlled respira 
tion. Intravenous fluids and vasopressors for the treatment of hypotension and other supportive measures 
may be employed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according 
to body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical 
procedure and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of 
SUFENTA should be determined on the basis of lean body weight. Dosage should be reduced in elderly and 
debilitated patients (see PRECAUTIONS) 
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The smooth muscle of the lower 
esophagus is an ideal indicator of | 
anesthetic depth because it is directly : Secondary PLEC contractions occur in 

connected to the brain stem via the vagus | response to inflation of proximal balloon? » 
nerve and is not affected by paralyzing | 
agents. As a result, esophageal activity can 
be measured throughout surgery!“ Changes 
in brain stem activity are reflected in the 
frequency and strength of lower esophageal 
contractility (LEC); it increases as anesthesia 
lightens and decreases as it deepens: 
The Lectron 302 uses a disposable 
esophageal probe, equipped with 

two balloons, to easily and accurately 
monitor LEC for more precise 
control of anesthetic depth. 


Distal saline-filled 
balloon measures the 
rate of spontaneous 
LEC (SLEC) and the 
amplitude of provoked 
LEC (PLEC)? ,. 




















The probe is connected to the patient station. 

A pressure transducer on the station measures 

the amplitude of PLECs and counts the 

number of SLECs. N 








The LECTRON 302 


MULTIPURPOSE ESOPHAGEAL MONITOR 


A totally new concept in the 
assessment of anesthetic depth 


The Lectron 302 Monitor allows the titration of the minimum anesthetic 
dose for each patient while still providing adequate depth? It monitors 
spontaneous and provoked lower esophageal contractions (SLEC 
and PLEC), which are sensitive indicators of anesthetic depth, sharing 
an inverse relationship to increasing MAC?®” SLEC is more frequent 
under light anesthesia than under deeper anesthesia, while PLEC 
becomes more forceful as anesthesia lightens? 


For information about 
a complimentary 15-day trial 
please call 1-800-423-2761 


Try the Lectron 302 Esophageal Monitor in your hospital for 15 days. 
See for yourself how it can help you maintain optimal anesthesia 
levels for your patients. There is no charge or obligation. 


Call today or write Distributed by 
American Antec, Inc. Baxter Healthcare Corporation 
27200 North Tourney Road Pharmaseal Division 


Valencia, CA 91355 
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The Lectron 302 Monitor displays the rate of 
SLEC and the amplitude of PLEC. It also 
functions as an esophageal stethoscope, 
displays core body temperature and provides 
a ventilator disconnect alarm. 





These figures demonstrate the 
strong relationship between LEC 
and anesthetic depth. 
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LEC vs. MAC 

The combined spontaneous LEC rate 
and the provoked LEC amplitude is a 
sensitive indicator of anesthetic depth. 


p<0.005 n=14 
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LEC vs. Surgical Stimuli 

The sensitivity of LEC to surgical stimuli 
shows a dramatic difference between 
adequate and inadequate anesthesia 
levels. 
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Key advantages 
in induction 


e Significantly less apnea 


INCIDENCE OF APNEA 


64% 
(74/137) 
43% 
37% (19/44) 
(67/155) á 


VERSED  thopentaj VERSED thiopental 


With narcotic premedication’ With sedative premedication’ 


* Significant difference (P+0.03) 


Data on tile ! Sigvfcant Gttorence (P-0,02) 


¢ Better hemodynamic stability 


While differences were not statistically significant, 
VERSED LV. produced less pronounced decreases 
in stroke volume, heart rate, cardiac output and sys- 
temic vascular resistance. ..and a less pronounced 
increase in mean right atrial pressure? 


e Pronounced anterograde 


amnesia 


Significantly more VERSED-treated patients (24/24) 
had complete or partial anterograde amnesia than 
did thiopental-treated patients (13/26)! 


As a standard precaution, prior to IV administration of VERSED in 
any dose, oxygen and resuscitative equipment should be immedi 
alely available. VERSED should be used as an induction agent only 
by persons trained in anesthesiology and familiar with all dosing and 
administration guidelines. Reduce dosage in elderly and debilitated, 
In patients receiving narcotic premedication, and in those with 
limited pulmonary reserve. 


INJECTABLE 


midazolam HCI ® Roche Gv. 


equivalent to 1. mg/mL or 5 mg/mL 


A significant advance in anesthetic induction 


Please see relerences ahd summary of product information on the following page 
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VERSED*® 

(brand of midazolam HCV/Roche) WV 

INJECTION 

Before please consult complete product information, a summary 
of which follows: 





Intravenous VERSED has been associated with respiratory depression and respt- 
ratory arrest, especially when used for Conscious sedation. In some cases, where 
this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resutted. Intravenous VERSED should be used only In hos- 
pita] or ambulatory care settings, including physicians’ offices, that provide for 
cont nuous monitoring of respiratory and cardiac function. Immediate availablity 
of resuscRative drugs and equipment and personnel trained in their use should be 
assured. (See WARNINGS.) 

The nitlal intravenous dose for conscious sedation may be as little as 1 mg, but 
should not axceed 2.5 mg In a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debiiitated patients and in patients receiving concom- 
tant narcotics or other CNS depressants. The initial dose and af subsequent 
doses should never be given as a bolus; administer over at least 2 minutes and 
allow an additional 2 or more minutes to fully evaluate the sedative affect. The use 
of the 1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is 
recommended to faciitate siower injection. Consult complete product information 
undar DOSAGE AND ADMINISTRATION for complete dosing information. 

















CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. Benzo- 
dlazepines are contraindicated In patients with acute narrow angle glaucoma; may 
be used in open angle glaucoma only if patients are receiving appropriate therapy. 
WARHINGS: Never use without Individuallzation of dosage. Prior to IV use In 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skiiled personne! for maintenance of a patent airway and support of venti- 
latior. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxte/cardiac arrest unless effective countermeasures are 
taken Immediately Vital signs should continue to be monitored during the recovery 
period. Because IV VERSED depresses respiration, and optold agonists and other 
sedatives can add to this depression, it should be administered as an induction agent 
onty by a person trained In general anesthesia and should be used for conscious 
sedation only In the presence of personne! skilled In early detection of underventila- 
tion, maintaining a patent airway and supporting ventilation. For conscious seda- 
tion, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resutting in death. There have 
been rare reports of hypotensive episodes requiring treatmert during or after diag- 
noste or surgical maniputations in patlents who have received VERSED. Hypotension 
occured more frequently In the conscious sedation studies in patients premecicated 
with narcotic. 

Reactions such as agitation, Involuntary movements, hyperactivity and combathveness 
have been reported. These may be due to inadequate or excessive dosing or Improper 
administration; however, the possibility of cerebral hypoxia or true paradoxical 
reacions should ba considered. Should these reactions occur, response to each 
dose of VERSED and ali other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may Increase the 
risk of underventilation or apnea and may contribute to profound and/or profonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation, 

Higher risk surgical, elderly or debilitated patients require lower dosages for Induction 
of aresthesla, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal fallure and patients with congestive heart failure eliminate 
midazolam more stowty. Because elderly patients frequently have Inefficient function of 
one or More organ systems, and because dosage requirements have been shown to 
decrease with age, reduce initial dosage and consider possibility of a profound and/or 
prolonged effect. 

Do rot administer In shock, coma, acute alcoho! Intoxication with depression of vital 
signs. Particular care should be exercised in the use of [V VERSED In patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial Injection; hazards in humans unknown. Avoid 
extravasation 


Gross testa of recovery frorn the effects of VERSED cannot alone predict reaction time 
undar stress. This drug is never used alone during anesthesta, and the contribution of 
other perloperative drugs and events can vary. The decision as to when patients may 
sngage in activites requiring mental alertness must be Individualized; it is recom- 
mended that no patient should operate hazardous machinery or a motor vehicle until 
the effects of the drug, such as drowsiness, have subsided or until the day after anes- 
thesla, whichever is longer 7 
Usege In Pregnancy: An increased risk of congenital malformations associated 
with the use of benzodiazepines (diazepam and chiordiazepoxids) has been 
sug gested in several studies. If VERSED Is used during pregnancy, apprise the 
zant of the potential hazard to the fetus. 
PRECAUTIONS: General: Decrease intravenous doses in ekderty and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for Induction of anesthesia. 
VERSED does not protect against increased intracranial pressure or against the heart 
rate rise andor blood pressure rise associated with endotracheal! Intubation under 
light general anesthesia. 
Information for patients: Communicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcohol consumption 
and medicine you are now taking, including nonprescription drugs. Alcohol has an 
Inc-eased effect when consumed with benzodiazepines: therefore, caution should be 
exercised regarding simultaneous ingestion of alcoho! and benzodiazapines. 
2. Inform your physician ff you are pregnant or are planning to become pregnant. 


VERSED® (brand of midazolam HCi/Roche) 


3. Inform your physician if you are nursing. 
Drug Interactions: The sedative effect of IV VERSED |s accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital 
and Innovar (fentanyl and droperidol). Consequentty, adjust the dosage according to 
the type and amount of premedication. 
A moderate reduction in induction dosage requirements of thiopental (about 15%) 
has been noted following use of IM VERSED for premedication. 
[V administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 
Although the possibility of minor Interactive effects has not been fully studied, VERSED 
and pancuronium have been used together In patients without noting clinically signifi- 
cant in dosage, onset or duration. VERSED does not protect against the 
characteristic circulatory changes noted after administration of succinyicholine or 
pancuronium, or against the Increased intracranial pressure noted following adrninis- 
tration of succinyicholins. VERSED does not cause a cinically significant change in 
dosage, onset or duration of a single intubating dose of succinyicholine. 
No significant adverse Interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, gtycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succinyicholine and 
muscie relaxants) or topical local anesthetics (including lidocaine, dycionine HOI and 
Cetacaine) have been observed. 
Drug/aboratory test interactions: Midazolam has not bean shown to Interfere with 
clinical laboratory test results. 

nesis, mutagenesis, impairment of fertility: Midazolam maleate was 
administered to mice and rats for two years. At the highest dose (80 mg/kg/day) 
female mice had a marked Increase In incidence of hepatic tumors and male rats had 
a small but significant increase in benign thyroid follicular cell tumors. These tumors 
were found after chronic use, whereas human use will ordinarily be of single or several 
doses. 
Midazolam did not have mutagenic activity in tests that were conducted. 
A reproduction study In rats did not show any impalrment of fertifty at up to ten times 
the human [V dose. 
Pregnancy: Teratogenic effects: Pragnancy Category D. See WARNINGS section. 
Midazolam mateate injectable, at 5 and 10 times the human dose, did not show evt- 
dencs of teratogenichy in rabbits and rats. 
Labor and delivery: Use In obstetrics has not bean evaluated. Because midazolam Is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted In neonatal CNS depression, VERSED Is not rec- 
ommended for obstetrical use. 
Nursing mothers: It is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted In human milk, caution should be exercised when 
Injectable VERSED Is administered to a nursing woman. 
Pediatric use: Safety and effectiveness in chidren below the age of 18 have not bean 
established. 
ADVERSE REACTIONS: See WARNINGS concerning serious cardloresplratory 
events and possibile paradoxical reactions. Fluctuations in vital signs following 
parenteral administration were the most frequently seen findings and included 
decreased tidal volume and/or respiratory rate decrease (23.3% of patients 
IV and 10.8% of patients following IM administration) and apnea (15.4% of patients 
following IV administration), as well as variations In blood pressure and pulse rate. 
Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), induration 
(0.5%), radness (0.5%), muscle stiffness (0.3%). Following IV administration: hic- 
coughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%), headache (1.5%), drowsiness (1.2%); local effects at the IV site: tenderness 
(5.6%), pain during Injection (5.0%), redness (2.6%), Induration (1.7%), phlebitis 
(0.4%). Other effects (<1%) mainly following IV administration: Respiratory: Laryngo- 
spasm, bronchospasm, dyspnea, hyperventilatian, wheezing, shallow respirations, 
airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature ventricular 
contractions, vasovagal episode, pil etre nodal rhythm. Gastro/ntestinal: Acid 


dreaming during emergence, siesp disturbance, Insomnia, nightmares, athetoid 
movements, atexda, dizziness, dysphoria, slurred speech, dysphonia, paresthesia. 
Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pups, cycle movements 
of eyeikds, visual disturbance, difficutty focusing eyes, ears blocked, loss of balance, 
lightheadedness. Integumentary: Hives, hive-like elevation at injection stte, swelling 
of feeling of burning, warmth or coldness at Injection site, rash, pruritus, Miscevia- 
neous: Yawning, lethargy, chills, weakness, toothache, faint feeling, hamatoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and 
dependence potential of midazolam suggest that its abuse potential! fs at feast equiv- 
alent to that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzo- 
diazepines {e.g., sedation, somnolence, contusion, Impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs). No spectfic organ toxicity would be 


expected, 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individuallzation of doseage. Cilnical expert- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE FOR 
EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, REGARD- 
LESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single bolus 
intravenous administration may result in depression arid/or arrest. 
(See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINISTRATION 
section in the complete product Information. 
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TRACRIUMS® (atracurium besylate) Response is predictable, even with 
Injection is meaningfully different from all multiple injections or long periods 
other neuromuscular blockers. TRACRIUM of continuous infusion,’ allowing you 
is inactivated in plasma by two pathways, additional time for patient monitoring. 
Hofmann eliminetion and ester hydrolysis, 


that act independently of liver or kidney " a iy ACRIUM, you ext fee] 


function. This unique metabolism can confident of a predictable conclusion to 
result in superior control and makes possible: 
neuromuscular blockade. And your 


patients can be in the recovery room faster. 
E More Predictable Dosing E More Predictable, Superi 
perior Control 
The unique metabolism of TRACRIUM TRACRIUM is an excellent agent for 
eliminates the need for age-related dosage 


administration by repeated bolus injection 
adjustments.! Valuable time is not lost y rep J 


or continuous infusion. The lack of 


making dosage calculations. cumulative effects of TRACRIUM by 

E More Predictable Response infusion makes possible a smooth, steady- 
Repeated equipotent doses of level relaxation without the need for 

TRACRIUM, administered at equal multiple maintenance bolus doses 

intervals, have no cumulative effect.’ throughout a long procedure. 


TRACRIUM necnon 
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TRACRIUM® INJECTION 


(atracurium besylate) 
Brief Summary 


This drug shuld be used only by adequately trained individuals familiar with its actions. character- 
istics, and hezards. 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it. 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED 03 CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE. 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia. 


Tracrium injection, which has an acid pH, should not be mixed with alkaline solutions (€g. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous infu- 
sion throug? the same needie. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated. 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine, 
the possititity of substantial histamine release in sensitive individuals must be considered. Special 
caution sho sid be exercised in administering Tracrium to patients in whom substantial histamine 
release wou d be especially hazardous (e.g.. patients with clinically significant cardiovascular dis- 
ease} and in patients with any history (8.9. severe anaphylactoid reactions or asthma} suggesting a 
greater risk of histamine release. in these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided dases 
over one minute. 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range, 
it will not cc unteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common wih Tracrium than with other muscle 
relaxants 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome, 
or other neuromuscular diseases in which potentiation of nondepoilarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in pahents with severe electrolyte 
disorders or carcinomatosis. 


The satety of Tracrium has not been established in patients with bronchial asthma. 


Drug interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include: 
enflurane: i3oflurane: halothane: certain antibiotics, especially the aminoglycosides and polymyxins, 
lithium: magnesium salts: procainamide, and quinidine 


if other muscle relaxants are used during the same procedure, the possibility of a synergistic OF 
antagonist 2ffect should be considered. 


The prior administration of succinyicholine does not enhance the duration, but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should sot be 
administered until a patient has recovered from succinyicholine-induced neuromuscular blockade. 


Carcinogeeesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
mouse lyrphoma assay under conditions which killed over 80% of the treated cells A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% af the treated cells 


Pregnancy. Teratogenic Effects: Pregnancy Category C. Tracrium has been shawn to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to {he fetus. 


Labor and Delivery: His not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary, The possibility that forceps delivery will ba necessary may increase. 


Tracrium (0.3 maiko) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the vewborn infants, although 
small amounts of Tracrium were shown to crass the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
sulfate, the reversal of neuromuscular blockade may be unsatistactory and Tracrium dose should be 
lowered as indicated. 


Nursing Mothers: Itis not known whether the drug is excreted in human milk, Caution shouid be 
exercised when Tracrium is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ADVERSE REACTIONS: 

Observed in Controlied Clinical Studies: Tracrium produced few adverse reactions during extensive 
clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.3%. 


patients. 


Observec in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances. 
were severe (e.g., cardiac arrest): Musculoskeletal: inadequate, prolonged block. Cardiovascular: 
hypotension. vasodilatation (flushing), tachycardia. bradycardia: Respiratory: dyspnea, droncho- 
spasm, laryngospasm; Integumentary: rash, urticaria, injection site reaction. 
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‘Miler £. Rupp S, Fisher D. et al: Clinical pharmacology of vecuronium and atracurium. Anesth 
4984:61:444~ 453. 

“Dayne J. Atracurium, in Katz R (ed): Muscle Relaxants. Basic and Clinical Aspects. Orlando, Grune 
& Stratton, 1984, p 98. 


Eagar E, Flynn P Hughes R: infusion of atracurium for tong surgical procedures. Br J Anaesth 
1984:56:447- 452. 
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An exceptional tool for the 
laboratory. MAPS AND 
GUIDE TO MICRO- 
DISSECTION OF THE RAT 
BRAIN describes techniques for the dissec- 
tien, identification, and removal of brain nuclei. 


This atlas provides step-by-step instructions for each dissection procedure 
along with information on the most appropriate tools. Unlike other atlases, 
MAPS AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN 
describes the size and shape of the brain nuclei, and when appropriate. 

their subdivisions. The text presents material directly applicable to laboratory 
practice and research, all supplemented by more than 200 halftones and line 
drawings. Neuroscientists, neuroanatomists, and physiologists will find MAPS 
AND GUIDE TO MICRODISSECTION OF THE RAT BRAIN a pertect 
laboratory manual for microdissection of the brain. 


TABLE OF CONTENTS 


l. Introduction 2. Microdissection of Brain Nuclei: 

Removal of the Brain for Microdissection / Sectioning of the Brain / Fresh Brain 
Slices / Sectioning Frozen Brains / Tools for Punching / Microdissection Needles 
Punch Technique / Determination of the Sample Size After Microdissection í 
Homogenization of Microdissected Brain Tissue / Validating the Microdissection 
Method 3. Removal of Discrete Rat Brain Nuclei: 

Telencephalon / Rhinencephalon / Cerebral Cortex / Basal Ganglia / Septum / 
Amygdala / Diencephalon / Thalamus / Epithalamus / Metathalamus / 
Subthalamus / Preoptic Region / Hypothalamus / Mamilary Body / Mesen- 
cephalon / Pons / Cerebellum / Medulla Oblongata / Spinal Cord 

4. Maps and Indexes: 

Coronal Sections of the Rat Brain / Atlases That May Aid m the Micr rdissection 
of Brain Nuclei of Other Species / List of Abbreviations with English and Latin 
Nomenclature / Index of Structures with Punch Numbers / List of the Punch 
Numbers with English Names 

5. References 6. Maps 
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spiralbound paperback $49.95 (D1, 120.06 outside North Americal 
SRD KRKRERHHRHREBH HEE ORDER FORM SR RE RHE BEBH BATHE HS, 


: ae ee . oi 
Poca aen ite tiie Pfoavinig bible. 


A prawns MAPS AND GUIDE TO MICRODISSECTION OF THE RAT 


BRAIN ISTO) URT $49 05 DP J20 od outside North Amer at 








hy oe aan dP ty UNE. augnanna A GS 


x ees Cane ern AEE ey Blea gad ht sie ads Gmc S en eee Š% 
Payment Ncw York Mate ressienga, piensi ada dappadanie sales Lan | 
iy X j 3 F perg: *} A 


En 






Please PH ris: 





gert, att ain gat S Bt Pre eee ae eee rt rece? | kuat 
gajema r will Pe sinifi in Pash pR 7S 





VESA 





eS FREESE SLES 


ORT TT fragi 
E APH AE 


R aeusnusnunasnannasunsanonanoan 


tn North America. Inthe tested (hy worki 
Elsevier Science Publishing Co. Elsevier Science Publishers 
Ped Piny BHXS Ped Res SH 

Ungni Cental Siateag HEG AE Amenia 

Nen erh, Agw York JPR dbp) The Netheriinds 


2 EE EEEN T; E: A ETETE fre tate re 
Pock opvou sihi be Sankey wba nelki 


ELSEVIER HENT wA 


LESTES EEES E] 


IARS MEMBERSHIP 
FOR YOUR IN-TRAINING AND CONTINUING MEDICAL EDUCATION 


The International Anesthesia Research Society is a non-profit, scientific and educational 
corporation of the State of Ohio, founded in 1922 “to foster progress and research in 
anesthesia.” To this end the Society 


Publishes the oldest journal in the specialty, Anesthesia and Analgesia 
Sponsors an annual scientific meeting (Congress) which is held in March each year 


Funds anesthesia-related research through the IARS B.B. Sankey Anesthesia 
Advancement Award 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any 
other local, state, regional or national anesthesia organization or association. Membership is 
open to individuals who qualify in the various categories shown below; who complete the 
appropriate application and submit it to the IARS Cleveland office with the applicable dues. 
All memberships include a subscription to Anesthesia and Analgesia. Members and Associate 
Members are entitled to a reduced registration fee at the IARS annual meeting; Educational 
Members pay no registration fee. 


...+ MEMBERSHIP CATEGORIES... . 


MEMBERSHIP: Open to individuals with doctorate degrees, who are licensed to practice in 
the medical, osteopathic, dental or veterinary medicine fields (i.e., MD, MB, DO, DDS, DMD, 
DVM); and to individuals with doctorate degrees in any scientific discipline (PhD), who are 
engaged in academic, private or commercial research. 


ASSOCIATE MEMBERSHIP: Open to individuals in the allied health professions, duly 
certified by their professional accrediting organization as nurse anesthetists (CRNA); 
respiratory therapists or technicians (RRT or CRTT); physician/anesthesia assistants (PA/MMS); 
and other allied health professionals in anesthesia-related practice. 


Annual Dues for Members and Associate Members: $60.00 U.S.; $77.00 foreign. 
These memberships are entered on a calendar year basis only. 


EDUCATIONAL MEMBERSHIP: Open (with certification by program director) to doctors 
(interns/residents) enrolled in anesthesiology training programs; nurses enrolled in nurse 
anesthesia schools; students enrolled in programs leading to certification as physician 
assistants, respiratory therapists or technicians 


Annual Dues for Educational Members: One-half of member rate. These memberships are 
entered in January or July for 2, 3, or 4 year periods. Applications, certified by program 
directors, must accompany check to cover full membership period. 
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International Anesthesia Research Society 
3645 Warrensville Center Road, Cleveland, Ohio 44122, USA 


Please send me _._. application(s) for: Membership ( ) 
Associate Membership (___) 
Educational Membership (___.) 





Please print clearly: 
Name and Degree (MD, DO, CRNA, RN, RRT, etc.) 


Street Address City, State, Zip Code (country) 


In oximetry, we're our own Most importantly, both the 
competition. Our full-featured 3700 and 3740 incorporate a 
3700 was designed to meet the waveform. And frankly, 
special demands for oxygen- without a waveform, pulse 
ation monitoring in the OR, oximetry just isn't pulse 
while the 3740 has just the oximetry. 

features you need for the 

Post Anesthesia Care Unit 

and the ICU. 
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artifact information and real ii if ‘ | The Ohmeda Biox 3700 
information: — | An a. Pulse Oximeter. 

Nikolaus Gravenstein, M.D. de : , ta 

Department of Anesthosioledy With interference, the waveform It’s the world’s foremost pulse 

College of Medicine i shows a noisy plethysmograph. oximeter for use in the critical 

University of Florida , environment of the OR. 

Ga nesviiie Fonda The reason: interference is a w 


It has two separate continu- 
ous displays—one for SaO, 
and pulse rate readings, and 
a dedicated graphic display 
for our exclusive Waveform, 
signal Strength Indicator, and 
trend display. 


documented phenomenon in 
SaO, monitoring.’*? If unde- 
tected, erroneous SaO, read- 
ings may result. 
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The combination of Ohmeda’'s 
Waveform Display and Signal 


In the presence of a clean, physiolog- strength Indicator provides a in additi he 3700 
ical signal, the waveform is smooth, unique system for quality con- oN ition, t te ee 
uniform and pulsatile in shape. trol assessment of the pulsatile intelhgent signal processing 


signal by verifying optimal techniques based on thirty 


anses 





‘Block FE Jr, MD: “Interference in a Pulse Owmeter fom a Fiberoptic Light Source” Journal of Clinical Monitoring 3.3:210-211, July 1987 ii- 
t Pulse Oxrneter Interference from Surgical Lighting” Health Devices 16.2:50-51, February 1987 
Be. aes m A s $ aa epee > ae ty at : Beh : oes i a A 
*Hrooks TD, MD; Paulus DA, MS, MD; Winkle WE, BMET: Letter to the Editor: “Infrared Heat Lamps Interfere with Pulse Oximeters” Anesthesiology 515.630, 
November 1984. 


4Paive H, Vouri A. Pulse Oximetry Forum. abstracted. The Central European Anesthesia Congress, Munich, Germany, September 17, 1987 


Ohmeda Waveform Pulse Oximetry. 


Ohmeda Biox 3740 Pulse Oximeter 
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Display 
Select 
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SaO, caculations per second The 3740's intelligent signal Probes for every patient, 

to minimize the effect of processing techniques provide every procedure. 

interference. superior motion rejection— Ohmeda's family of probes. 
The new Ohmeda Biox 3740 without the bother of ECG More applications, less cost per 
Pulse Oximeter. leads—and allow for accurate patient use. 

Our new, compact, portable readings on poorly perfused, In addition to our new Finger- 
3740 maintains the quality “shocky” patients’ Clip Probe for adult and pediat- 


ric patients and our EarProbe 
for a variety of patients, we 
offer the new, durable, reus- 
able SoftProbe as well as the 
FlexProbe for neonatal and 
pediatric patients. 


The 3700 and 3740. Total oxim- 
etry. Only from Ohmeda. 


and essential features of the 
3700, with the convenience of 
a single liquid crystal display. 


It features our Waveform 

and Signal Strength Indicator 
in two selectable displays: 
numeric-dominant with large 
SaO, readings for routine moni- 
toring, or waveform-dominant 
for optimal probe site selection 
and interference detection. 


Ohmeda os 


Ohmeda 

1315 West Century Drive 

Louisville CO 80027 USA 

To order: Hospital 1 800 345 2700 Nonhospital 1 800 652 2469 
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Rapid Complete 


Well-suited to the rapid turnover of outpatient Without any other agent or premedicant, 
cases, the low solubility of isoflurane in blood isoflurane provides every action required for ~ 
and tissue (only that of nitrous oxide is lower) a complete anesthetic, on a closely controlled, 
enables you to quickly adjust the level of anes- breath-by-breath basis: unconsciousness, 
thesia to patient and surgical requirements. Surgical analgesia, amnesia, and good surgical 
Following anesthesia, a rapid washout and muscle relaxation—a useful advantage for 

prompt recovery provide for your early patient laparoscopies and orthopedic work, and one 
assessment. Patient alertness and cooperation that begins when the anesthetic begins and 
can facilitate handling in the outpatient setting. ends with elimination of the anesthetic, thereby 

decreasing the risk of residual paralysis in 

the PAR. 


Because isoflurane is a complete anesthetic 
when given alone in oxygen or room air, nitrous 
oxide can be eliminated if you choose. Isoflurane 
anesthetics are seldom complicated and pro- 
longed by postoperative nausea and vomiting. 





FORANSE isoflurane, USP) 
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Excellent Safety Profile 


Stability of heart rhythm and good cardiac 
output are notable features of an isoflurane 
anesthetic. CNS excitation does not occur at 
any concentration or PaCO, level. Virtually 
100% of isoflurane is exhaled unchanged from 
the patient (only 0.17% of the isoflurane taken 
up is recovered as metabolites). This near 
absence of metabolic by-products all but 
assures an absence of hepatic or renal toxicity 
from metabolism. 
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For outpatient anesthesia 


FORANE ‘softurane, usp) 


Rapid...Complete...Excellent Safety Profile 


CAUTION: Federal Law Prohibits Dæpenmng without Prescription, 
DESCRIPTION 


Boiling potrt at 760 mm Hg 485 °C (unca) 
Refractive index 1.2990-1 3005 
Specific gravity 25 */25 °C 1.496 
Vapor pressures in mm Hg** z0 *C 238 
25 °C 295 
30 *C 367 
3 °C 450 
“Equaton for wpor pressure calculation: 
OSP SA +E where: A = 8066 
B= -i 
T = °C + 27316 (Karin) 
Partition coefficients at 37 *C 
VWatejgas 061 
Hloodigas 1.43 
Oibgas 908 
Partition coefholents at 25 *C - rubber and plastic sat 
Buty! rubbenigas 750 
chicridetjas 1106 
~20 
~id 
Folyolsfinigas wit 
Buty! acotatekgas v25 
Purity by gas chromatography >s89% 
Lor limit of flammability in oxygen or 
nivous oxide at 9 joulesipen. end 23 °C Nops 
Lovweer limit of fammeahbility in or Qreate: than useful 
nitrous axide at 900 and 23 °C conocentsstion mo anosthesit. 


of strong bese 
and dose not attack um, tin, Drees, iron of coppec. 
CLINICAL PHARMACOLOGY 


1.08 037 


NROMDEPOLARIZING TYPE. reverses the effect of pormdepolarizing muets 
relaxants in the presence of Ai commoniy cased musce relaxants are 
competihie with isnfturane. 

Plarmacckinetios: lecSurans tninimal biotransfommation In man. in the 
postanestheia period, only 017% of lecturane taken up oan be teceversad as urinary 
rowtaboites. 


INDICATIONS AMD USAGE 


FORAME Gecfiurane. USP) may be used for Incuction and maintenance oi gener! 
anesthesia. Adequsta date hare not been developed to eetabbsh is application in 
obstetrical anesthesia. 


CONTRAINDICATIONS 
Known seusitiviy to FORAKE fecfturane, USP} or to other halogenated agenta 
Known ot suspected genetic susceptibility to malignant hyperthermie. 


Anaquest Forane® (isoflurane, USP) 
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Madison WI 53713 2318 
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Increased bined loss companhies to that sven with balathane has been obeerved m 


pathente uncoating 

FORANE fisofhirare, USE) markedly tactesses cereka! blood fewe at ceapec breed of 
sceethesde. There mey be a tremelent riea in cerebral spinal fuid peesune whach is fully 
reverie with brypereentiletion. 


PRECAUTIONS 


General: As with any potent genera! anasthatk:, FORANE fenum, USP ahold only 
be ecintodetered in an exwloonmeent by thoes who 


Laboratory Testa: Tranatent increases mm BSP retention, bload gtucoes and sexo 
ctestinion with decrease in BUN, serum cholestera and alkatia phosphataed hace been 


Deeg Leterscthons: Isoflurane potentiates the musola relaxant effect of all concle 
relaxants, moet notabty monchepoberteing mimeche relents, and MAC tour abveodkar 
ee eco ee 

See PHARMACOLOGY. 


Carcinogenesis: wiss ICR mice were given ieoflirecs to deeenuoa whether wach 

rora AR naon E otra P aber prep ok gh once hh 
aO excpomurens to pepe daring nine wrecks 

The mice were killed at 15 of age. The inceianca of tumors im thans nhos was 


the same on in unteweted control mice whieh were given the wanna baeierreerraci criteo, 
bot mot the anesthetic 

Pregaaney Ci lente bee been shown to have a poeaibie anesthete-colatect 
fetotoxic effect tn mice when given in doses 6 times the harman dows. There ane no 


Hyperthermie: tn 
a miscia bypermetabotic state to high demand and the clinical 
known as malguan a 
features wich as mince arut 
unstable blood premmire (t shoukt aleo be noted thet many of these sigri 
my appear sperhesin, acirte beporcta, at} An ocw ir 
be sadlected to an elevated terhiok mey rwo pagricthy warty or late in the 


reactions enoguntered tn the administration of PORANNE feodtucexa, sm 
pharmecophysiodogie 


in generasi dose dependent aftocta ai 
hypotension end 

Shivering, nauses, voamnitng and fleas bave been obeerved in the postopeentrve perii. 

As with ell other general traian: elevations to white blood count have 


been observed even tn the sheance of aurgios! stress. 

See PRECAUTIONS for information regenting mativnant byperthernua. 
OVERDOSAGE 

tn the evect of overdosage, of what may eppear to be orerdosage, the following action 
should be takan: 


Mop drug edzinéetranon, establish a clear airway anc uitinote sisted oz controlled 
ventilation with pure oxygen. 


bo v from whioh cdebrvered flows can be oskrulatedt, on veporimers 
debvecing a varuma wep wich tn kta. The dalivred 
froen a veporiner may be calculated 
% 100 Py Fy 
Fy Py ~ Py} 
where: P, = Premsate of euncephare 
Py = Vapor perus of eodinrane 
Fy « Flow of ges through wporxe fmLimin} 
Fy = Total ges Gow ¢oLimin 
Jecfisene contains no stabliieer. Nothing in the agent altars calibration or opetin of 


oide mixtures may produce coughing, Op APA eden en R 
seer on Abad Eea I cme gd of an 
concentrations of 1.8 to 20X jeofhorvans ususiy produce 


be requared sven unng ayin Looe Handed 
doses of muscis relaxants may be used. 
The level af bieod during fa an inverse foneticn of watunne 


complicating problema. Exossrive 
be dus to depth of anesthesia and in such instances may be corrected by Ugitaning 


HOW SUPPLIED 


YORANE fiecfurane, USP), NDC 10010-360-40, te packaged m 100 mL ambercoloud 


Storage: Store at room temperature leofhuane contains no addittews and has been 
demonstrated to be stable at room temperature for periods in excess cf ive years. 


Ac OIE Reviewed 16-86 








See last page for brief summary of prescribing information on NORCURON®. 
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Norcuron 
(vecuronium bromide) for injection 


Before prescribing, please consult complete product Information, a summary of which folows: 


THIS ORUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
TTS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: None 
WARMINGS: a Sou BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR 
OF EXPERIENCED CLINICIANS 


NTU TION, 
THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST BE 
PREPARED TO ASSIST OA CONTROL RESPIRATION. In araro may hava praune shoei. neh 
ar the myasthenic (Eatorn-Lambert) syndrome, smell doses hor paved In such 


—. Teri ATLL ord ae OTA rab Wa! Gok MAY bA DN the response to 
of rean 

PRECAUTIONS: Reri Tein apa on dpan of 

neuromuscular blocking effect in Ia renia fale vio hase ben prapered for by 

co, Fa patents cannot be prepared for nonelactvesurpery, alover rial dose of NOCAS 

ie logan ah be far a lower initial dose of 

Altered Circulation Time: associated with slower circulation time in cardiovescular diesass, oki age, 


Condiions 
ecemasous states resuiting in Increased volume of distribution may contribute to a delay in onset time; therefare 
stouid not be increased. 


Limited with cirrhosie or cholestasis has 
tenia eons pena pet en Dea oe eee 
not permit recommendations im Dyer function 


UNDEA TAROVE GONGITIONS, USE OF PHERAL NERVE STIMULATOR FOR ADEQUATE 
MONITORING OF NEUROMUSCULAR BLOCKING EFFECT WILL PRECLUDE INADVERTENT EXCESS 


Severe Obealty or Neuromuscular Diseese: Patents with severe obesily or neuromuscular dissase may 
SET , during and after the ues of nguromuscutar 


Malignant la: Many drugs used in anesthetic practice are suspected of capabi» of 
potenia! hypermetabolsm of sketetal musce known 
data derived from a enltals ee) E alee @ case a C A 


Nearest aL Te) eco eee NG pa roso, Ce carcoration, Administration must be 


Brg interagan: Pox eat of anf mayer tener effect 
of {vecuronium e a a a a is 
Mareiro Da nominisiration of Norcia shouid unii the 


Pe ate befor core Norcuon® 
EA MDa fa aon couriers By apna ov spacey ears In experimental 
animais (cat). Gectrolyte E KAE onik ; cortical 


Te Gach accu EAA 
alene he iheska acion bye ee per me perad resda mgr md nests. Te 
Se parce co en prolonged skeistal musca paralysis resuifing in 

SS a fens a eta rapora, ia posse wt oan 
M TT balapa mechanical ventšation unt j 


adequate, es Gratcae aa of blockade or 
pecs en ones, ate AE Sr Cok 


monitoring of musce twiich response to peripheral nerve siim 
The recommended Inttal dose of Norcuran® Is 0.08 to 0.10 mokg (1.4 to 1.75 times the ED.) given as an 


———— 
This dose can be to produce or nonemergency 

poser ioe y i n at i! ater o 
blockade lasts minutes, wäh recovery to 25% of control 25 to 40 
minulog after ena heagla faeet age esol 46 to 65 minutes after Injection. in 
the prasance of potent the neuromuscular of Norcuron® is enhanced. If 
Norcuran® js first administered mare than 5 minutes altar the start or when steady stale has 

achieved, the Wita! doce may be by 15%, le, 0.060 to 0.085 
Prior adroinistration of may erence newromuecular and curation of of 
Norcuran® lf intubation is performed a reduction of intial does of Norcuron® io 0.04 to 
0.06 with inhalation anesthesia and 0.06 to 0.06 mg/kg with elt date 

carpsckoealde ad A Se 


riers rly malnienance doses, E required, may be 
administered at regutar for gach reg pray a 2 8 ata ee 
balanced anesthesia, fy peri E SA tees Feuer administration is desired, higher 
maintenance doses may be ) 


Should there be reason for the selection of larger doses in Individual patients, intial doses from 
Oe ee oer E anesthesia 
to the 


Use by dose of 80 to 100 a continuous infiston of 1 
can be inftiated mately 20 to 40 minutes baker. infusion of should be initiated only after 
of recovery bolus dose. intravenous infusion to support 
ventilation In the intensive care unit has not been studied dosage 
Anad pecan othe mallet ate im ate Mauad. Aa tial ve 
response as herve 
of 1 poAkprnin is recommended, with the rats of the infusion thersafter to maintain & 90% suppression 


m eean es ee OS following discontinuation of Norcuron® 
expected Ae n D AANA abd 

infusion soluilora of Nes non® can be Teche NOCA Oo acres lieben klk 
respi cepa , 0.9% NaCl, i ea or Lactated Ringer's. Unused portions of 
tnfuston rates ol Norcuron® can be Individualized for each patent using the following tabla: 


Drug Delivery Rate Infusion Delivery Rake 
{ug/ko/min) (mL Agpimin) 
0i mgmt 0.2 mg/ml 
07 rari TORS 
08 0.008 0.0046 
0.9 0.009 0.0045 
1.0 0.010 0.0050 
1.4 0.011 0.0055 
12 0.012 0.0060 
1.3 0.013 0.0065 


s A m ot Norco fn 100 mL 


The following tabte is a guideline for mL/min dešvary for a solugon of 0.1 mg/ml (10 mg in 100 mL} with an 
inlusion pump. 


Amount of Weight fk} 
‘i 40 50 50 70 80 9 100 
0.7 028 0.35 042 0.40 056 068 0.70 
08 032 0.40 048 058 064 O72 080 
0.45 0.54 72 0.81 0.90 
10 040 050 060 0.70 080 090 120 
11 “o ç oS 086 077 099 110 
12 048 0.80 072 084 0.96 10 12 
13 052 0.66 0.78 091 1,04 117 13 


Note: 1 a concentrafion of 0.2 momi. is used (20 mg in 100 mL}, the rate should be decreased by one-half, 
ier pic abel apy E ) have dosage requiramerts 
as adults and may be We. Yangel So OAA of 
( higher may Laelia ( fi take Ce 


ae a any a ay mare 
ett ts 7 weeks aro more b Norcuron® on a basie than 
and take about 1 1/2 imas as long to recover. also subsection of P Podiatric 
Use. intormagion presently avaliable dogs not permit on in neonakes (950 
PRECAUTIONS). aa a Daren aay Confiruous infusion of vecuronium in chidren, therelore 
D Pr jeri i 7 h: 
or e Nec ies anges apt iad 
5% glucose in water 


See waler bx wacker 

esdui GUN eee chee olleet ER Frar 
matier to 

administration, whenever salution and container permit. 

HOW SUPPLIED: a icone USPL eect roe | 10m Tobe mle 

(bacteslostatio water for Medel 

§ mL vials (10 vecuronium bromide) end 5 via of dive! bac 

Boxes of 10 (NDC paseia 

all et gl be vecuronium OPATA 


Bama of iO NOC RD Tent ROT SUPPLE Baoces of 10 (NDC #0052-044 1-16). 
Rev. 188 


‘i 






Greater flexibility 
NOW BY CONTINUOUS INFUSION 





aa 1383 438-440 aca ak ai: of bolus l 
‘ gt en 
in cardiac surpical 1984; 61:483. 6. Durant NN: NORC 


blocking agent. Anoath 1982; 1:47-58, 8. Krieg N, Cru JF, LHD. Relative 
Saree Og Sins egom incre tae ma B seh akee as 
783-787. Lennon FL, Olson RA, Gronert GA 


Atracurturn or 
Host 64510-5153. 8. Scott RPF, et at: Coed a chia pouch sla lpg 
tok dove GJ 966; 58:634-838. 
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Anesthesia Progress, the premier journal devoted to 
the management of patient pain and anxiety in den- 
tistry, is now published by Elsevier. Established over 
30 years ago. Anesthesia Progress is a highly re- 
spected, peer-reviewed journal reporting current in- 
formation for professionals in the field of anesthesia 
and pain control. 


Anesthesia Progress, the official journal of the Amer- 
ican Dental Society of Anesthesiology. features 


(6 issues) 1988 


rate: 


outside the U.S.A.) 

C Please send me a free sample copy. 
Payment 

Enclosed is my: 

Q personal check [] bank draft 
Please charge to: 

Q American Express [] VISA 
Q MasterCard (issuing bank # 
ACCOUN ie a ah 
Signature 


Please enter my 1988 subscription at the following 


[L] Institutional: 855.00 C] Personal: 835.00 
(Note: Please add $11.00 for postage and handling 
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clinical and research articles, review articles, case 
reports, literature reviews, meeting updates, letters 
to the editor, and a Continuing Education Calendar. 
The journals rigorous peer review process ensures 
the reader a wealth of scientifically valid. practical 
information on the safe and effective treatment of 
patient pain and anxiety. 


In order to provide the widest possible coverage of the 
field. Anesthesia Progress reports on all of the follow- 
ing topics: 

¢ general anesthesia 

¢ conscious sedation 

e local anesthesia 

e analgesics 

¢ IV sedation 

e chronic pain 

e pediatric sedation 

¢ behavioral methods of anxiety control 

* drug-induced emergencies 

¢ education in pain and anxiety control 

* evaluation of new and standard drugs 


Anesthesia Progress is abstracted/indexed in 
Biological Abstracts (BIOSIS), Excerpta Medica 
(EMBASE). Index to Dental Literature (MEDLINE), 
Pertodicals Digest in Dentistry. 


1988 Subscription Information 
Volume 35 (6 issues), 1988. ISSN 0003-3006 
$55.00. institutional rate: $35.00. personal rate 


prepaid by check or charge card. Orders from 
non-U.S. customers must be prepaid.) 


Name 
Address 


City 
State Zip/Postal Code 


For sample copies send to: 

in North America: 

Elsevier Science Publishing Co.. Inc.. 

PO. Box 1663. Grand Central Station. New York. 
NY 10163-1663. USA 

in the rest of the world: 

Elsevier Science Publishers. Direct Mail 
Department. PO. Box 211, 1000 AE Amsterdam. 


wa 


Note: Send subscription orders to the New Yorx address. Subscription rates The Nether! 
i valid until December 31. 1988. Please allow 6-8 weeks for delivery ealetienanas 
of the first issue. 
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She’s not pre 


Our Servo Anesthesia System isn't the most attractive 
unit you could buy. But spend a few critical hours 
together in the OR and you'll never look at another 
system again. 








But you ‘Il fall in love with her. 


WLM 675 


MG/5820-044 





This compact unit integrates both new and proven 
components that cut your risk and boost patient safety. It 
gives you precise anesthetic agent delivery. Total vital 
signs vigilance. Breath-by-breath monitoring. Exhalation 
evacuation, visual or audible alarms and more. What's 
more, you can use it for routine or critical care use, 
pediatric or adult patients, and volume-controlled or 
pressure supported applications. It's even simple to set 
up and easy to learn and operate. 


The system incorporates our renowned Servo Ventilator 
900D...a Sirecust 1280/81 monitor...CO2 Analyzer 930... 
and Lung Mechanics Calculator 940. It’s also available 
with the Gas Monitor 120...and the industry's newest 
monitoring breakthrough—the Vitacomm 140—featuring 
state-of-the-art wireless infrared technology, synthesized 
voice and programmable alarms! 


The remarkable Servo Anesthesia System from 
Siemens-Elema. It’s everything you always wanted in an 
anesthesia system. Except the looks. 


For a FREE brochure or additional information, contact: 


Siemens-Elema Ventilator Systems 
2360 North Palmer Drive 

Schaumburg, IL 60173-3887 

(312) 397-5975 or toll-free 1-800-323-1281 


Siemens-Elema... 
Your partner for life. 
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In postoperative hypertension... 


INTRAVENOUS 


NORMO 


(laberalol HC) Injection 


5 mg/mL 
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Offers prompt and convenient 
blood pressure control... 


= Rapid response = Easy administration 
Onset of action with NORMODYNE usually NORMODYNE may be used either by 
occurs within five minutes continuous infusion or by repeated IV injection 


= Action is easily controlled = Cardiac output maintained 


Helps avoid risk of “overshoot Helps assure vital organ perfusion 
Postoperative blood pressure should be monitored 


during and following infusion or intravenous mi Helps prevent reflex 
injections. Rapid or excessive falls in either systolic or u 

diastolic pressure during intravenous treatment tachyca rdia 

should be avoided. 


In patients with excessive systolic hypertension, W Saves treatment time 


decrease in systolic pressure should be used as an i ie 
indicator of therapeutic effectiveness. ..in addition —No intra-arterial hrpnonng needed 
to the response of diastolic pressure. —No mixing required for IV injection 


Synergism has been shown between halothane anesthesia and intravenously administered labetalol HCI. See 
Drug Interactions section of Brief Summary for full information. 

Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are tilted or allowed to 
assume an upright position within three hours after intravenous administration of labetalol. Thus, the patient's 
ability to tolerate an orthostatic position should be established before permitting ambulation. 


For Brief Summary, please see following page. K=) Key Pharmaceuticals, Inc. 
l mm 28 Kenilworth, NJ 07033 
Copyright © 1988, Key Pharmaceuticals, Inc., Kenilworth, New Jersey. All rights reserved World leader in drug delivery systems. 


an 


PRODUCT INFORMATION 


NORMODYNE® 
brand of labetalol hydrochloride 


Injection 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
NORMODYNE (labetalol HCI) Injection ıs indicated for control of blood pressure in severe hypertension. 


CONTRAINDICATIONS 
NORMODYNE (labetalol HC!) Injection is contraindicated in bronchial asthma, overt cardiac failure, greater than first 
degree heart block, cardiogenic shock, and severe bradycardia. (See WARNINGS.) 


WARNINGS 

Cardiac Failure Sympathetic stimulation 1s a vital component supporting circulatory function in congestive heart failure. 
Beta blockade carries a potential hazard of further depressing myocardial contractility and precipitating more severe failure. 
Although beta-blockers should be avoided in overt congestive heart failure, if necessary, labetalol HCI can be used with 
caution in patients with a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on heart muscle 

In Panents Without a History of Cardiac Failure In patients with latent cardiac insufficiency, continued depression of the 
myocardium with beta-blocking agents over a period of time can in some cases lead to cardiac failure. At the first sign or 
symptom of impending cardiac ikas. patients should be fully digitalized and/or be given a diuretic, and the response 
observed closely. If cardiac failure continues, despite adequate digitalization and diuretic, NORMODYNE (labetalol HCI) 
si theres be withdrawn (gradually if poidhle), 

Ischemic Heart Disease Angina pectoris has not been reported upon labetalol HCI discontinuation. However, following 
abrupt cessation of therapy with some beta-blocking agents in patients with coronary artery disease, exacerbations of angina 
pectoris and, in some cases, myocardial infarction have been reported. Therefore, such patients should be cautioned against 
interruption of therapy without the physician's advice. Even fi the absence of overt angina pectoris, when discontinuation 
of N ODYNE is planned, the patient should be carefully observed and should be advised to limit physical activity. If 
angina markedly worsens or acute coronary insufficiency develops, NORMODYNE (labetalol HCI) administration should 
be a ker promptly, at least temporarily, and other measures appropriate for the management of unstable angina should 


en 

Nonallergic Bronchospasm (e.g., chronic bronchitis and emphysema) Since NORMODYNE (labetalol HCI) Injection at 
the usual intravenous therapeutic doses has not been studied in patients with nonallergic bronchospastic disease, it should 
not be used in such patients. 

Pheockromocytoma Intravenous labetalol HCI has been shown to be effective in lowering the blood pressure and relieving 
symptoms in patients with pheochromocytoma; higher than usual doses may be required, However, paradoxical hypertensive 
responses have been reported in a few patients with this tumor; therefore, use caution when administering labetalol HCI to 
patients with pheochromocytoma. 

Diabetes Mellitus and he ee Beta-adrenergic blockade may prevent the appearance of premonitory signs and 
symptoms (e.g., tachycardia) of acute h lycemia. This is especially important with labile diabetics. Beta-blockade also 
reduces the release of insulin in response to yperglycemia; it may therefore be necessary to adjust the dose of anti-diabetic 


Major Surgery The necessity or desirability of withdrawing beta-blocking therapy prior to major surgery is controversial. 
Protracted severe hypotension and difficulty in restarting or maintainin A ian beat have been reported with beta-blockers. 
The effect of labetalol HCI’s alpha-adrenergic activity has not been i pahi in this setting. 
A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug Interactions). 
id Decreases of Blood Pressure Caution must be observed when reduci severely elevated blood pressure. Although 

such findings have not been reported with intravenous labetalol HCI, a number of adverse reactions, including AoE i 
infarction, optic nerve infarction, angina and ischemic changes in the electrocardiogram, have been reported with other 
yon when severely elevated blood re was reduced over time courses of several hours to as long as one or two days. 

desized blood pressure lowering should therefore be achieved over as long a period of time as is compatible with the 
patient's status. 


PRECAUTIONS 

General Impaired Hepatic Function may diminish metabolism of NORMODYNE (labetalol HCl) Injection. 

Hypotension Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are tilted or allowed to 
assume the upright position within 3 hours of receiving NORMODYNE (labetalol HC) Injection. Therefore, the patient's 
ability to tolerate an a ht position should be established before permitting any ambulation. 

Jaundice or Hepatic ba On rare occasions, oral labetalol HCI has been associated with jaundice (both hepatic and 
cholestatic). It is therefore recommended that treatment with labetalol HCI be stopped immediately, should a patient 
develop jaundice or laboratory evidence of liver injury. Both have been shown to be reversible on stopping therapy. 


Information for Patients 

The following information is intended to aid in the safe and effective use of this medication. It is not a disclosure of all 
possible adverse or intended effects. During and immediately following (for up to 3 hours) NORMODYNE Injection, the 
patient should remain supine. Subsequently, the patient should be advised on how to proceed gradually to become 
gy se ke should be observed at the time of first ambulation. 

When the patient is started on NORMODYNE Tablets, following adequate control of blood pressure with 
NORMODYNE Injection, appropriate directions for titration of dosage should be provided. (See DOSAGE AND 
ADMINISTRATION. 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol HCI is warranted: 
While no incident of the abrupt wi wal phenomenon (exacerbation of angina pectoris) has been reported with 
labetalol HCI, dosing with NORMODYNE Tablets should not be interrupted or discontinued without a physician's advice. 
Patients being treated with NORMODYNE Tablets should consult a physician at any iip of impending cardiac failure. 
AN rane ‘find tingling may occur, usually when treatment with NORMODYNE Tablets is initiated (see ADVERSE 


Laboratory Tests 
Routine laboratory tests are ordinarily not required before or after intravenous labetalol HCI. In patients with concomitant 
illnesses, such as impaired renal function, appropriate tests should be done to monitor these conditions. 


Drug Interactions 

Since NORMODYNE (labetalol HCI) Injection may be administered to patients already being treated with other 
medications, including other antihypertensive agents, careful monitoring ot these patients is necessary to detect and treat 
promptly any undesired effect from concomitant administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepressants experienced 
tremor as compared to 0.7% reported to occur with labetalol HCI alone. The contribution of each of the treatments to this 

verse reaction is unknown but the possibility of a cain Saf cscs cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor agonist drugs in patients 
se a therefore, doses greater than the normal anti-asthmatic dose of beta-agonist bronchodilator rugs may 

required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI administered orally. Since this could be 
explained either by enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, special care should be 
used in establishing the dose required for blood pressure control in such patients. 

ism has been shown between halothane anesthesia and intravenously administered labetalol HCI. During 
controlled hypotensive anesthesia using labetalol HCI in association with halothane, high concentrations (3% or above) of 
halothane should not be used because the degree of hypotension will be increased and because of the possibility of a large 
reduction in cardiac output and an increase in central venous pressure. The anesthesiologist should be informed when a 
patient is receiving labetalol HCI. ; ; 

Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypotensive effect. If 
labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional antihypertensive effects may occur. 


a ernie Test Interactions : 3 

e presence of a metabolite of labetalol in the urine may result in falsely increased levels of urinary catecholamines 
when measured by a nonspecific trihydroxyindole (THI) reaction. In screening patients suspected of having a pheochromo- 
cytoma and being treated with labetalol HCI, specific radioenzymatic or high performance iquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. 


Carcinogenesis, Mutagenesis, Impairment of Fertility f , 
Long-term oral dosing studies with labetalol HCI for 18 months in mice and for 2 years in rats showed no evidence of 
carcinogenesis. Studies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 

according to modified Ames tests, showed no evidence of mutagenesis. 


Rec Comber C 

eratogenic studies have been performed with labetalol in rats and rabbits at oral doses up to approximately 6 and 4 times 
the maximum recommended human dose (MRHD), respectively. No reproducible evidence of fetal malformations was 
observed. Increased fetal resorptions were seen in both species at doses approximating the MRHD. There are no adequate 
and well-controlled studies in pregnant women. Labetalol should be during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 


Nonteratogenic Effects 

Infants of mothers who were treated with labetalol HCI for hypertension during pregnancy did not appear to be adversely 
affected by the drug. Oral administration of labetalol to rats during late gestation through weaning at doses of 2 to 4 times 
the MRHD caused a decrease in neonatal survival. 


Labor and Delivery 

Labetalo! HCI given to pregnant women with hypertension did not appear to affect the usual course of labor and delivery. 
Nursing Mothers 

Small amounts of labetalol (approximately 0.004% of the maternal dose) are excreted in human milk. Caution should be 
exercised when NORMODYNE (labetalol HCI) Injection is administered to a nursing woman. 


Pediatric Use 
Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

NORMODYNE (labetalol HCI) Injection is usually well tolerated. Most adverse effects have been mild and transient and 
in controlled trials involving 92 patients did not require labetalol HC! withdrawal. Symptomatic postural hypotension 
(incidence 58%) is likely to occur if patients are tilted or allowed to assume the upright position within 3 hours of receiving 
NORMODYNE (labetalol HCI) Injection. Moderate hypotension occurred in 1 of 100 patients while supine. Increased 
sweating was noted in 4 of 100 patients, and flushing occurred in 1 of 100 patients. 

The following also were reported with NORMODYNE Injection with the incidence per 100 patients as noted: 

Cardiovascular System Ventricular arrhythmia in 1. 

i ea and Penpheral Nervous Systems Dizziness in 9; tingling of the scalp/skin 7; hypoesthesia (numbness), and vertigo 
each. 

Gastromtestmal System Nausea in 13; vomiting 4; dyspepsia and taste distortion, | each. 

Metabolic Disorders Transient increases in blood urea nitrogen and serum creatinine levels occurred in 8 of 100 patients; 
these were associated with drops in blood pressure, generally in patients with prior renal insufficiency 

Psychuame Disorders Somnolence/yawning in 3. 

Respiratory System Wheezing in |. 

Skin Pruntus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest experience is with oral labetalol 
HCI (see NORMODYNE Tablet Product Information for details). Certain of the side effects increased with Increasing oral 
dose as shown in the table below which depicts the entire U.S. therapeutic trials data base for adverse reactions that are 
clearly or possibly dose related. 


Labetalol HCI 

Daily Dose (mg) 200 300 400 600 800 900 1200 1600 2400 
Number of Patients 522 181 606 608 503 117 411 242 175 
Dizziness (%) 2 3 3 3 5 l 9 13 16 
Fatigue 2 l 4 4 5 3 7 6 10 
Nausea <l 0 l 2 4 0 7 11 19 
Vomiting 0 0 <l <] <1 0 l 2 3 
Dyspepsia l 0 2 l l 0 2 2 a 
Paresthesias 2 0 2 2 l l 2 5 5 
Nasal Stuffiness l l 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 l 2 3 0 4 3 5 
Impotence l l l 1 2 4 3 + 3 
Edema l 0 l l l 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been reported with labetalol HCI 
during investigational use and extensive foreign marketing experience. 

Clinical laboratory tests: Among patients dosed with NORMODYNE (labetalol HCl) Tablets, there have been reversible 
increases of serum transaminases in 4% of patients tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE 

Overdosage with NORMODYNE (labetalol HCI) Injection causes excessive hypotension that is posture sensitive, and 
sometimes, excessive bradycardia. Patients should be placed supine and their legs raised if necessary to improve the blood 
supply to the brain. If overdosage with labetalol HCI follows oral ingestion, gastric lavage oe pharmacologisaiiy induced 
emesis (using syrup of ipecac) may be useful for removal of the drug shortly after ingestion. following additional 
measures should be employed if necessary: Excessive bradycardia — administer atropine or epinephrine. Cardiac failure — 
administer a digitalis glycoside and a diuretic. Dopamine or dobutamine may also be useful. Hypotension — administer 
vasopressors, e.g., norepinephrine. There is pharmacological evidence that norepinephrine may be the drug of choice. 
Bronchospasm — administer epinephrine and/or an aerosolized beta -agonist. Seizures — administer diazepam. 

In severe beta-blocker overdose resulting in hypotension andor bradycardia, glucagon has been shown to be effective 
when administered in large doses (5 to 10 mg rapidly over 30 seconds, followed by continuous infusion of 5 mg/hr that can 
be reduced as the patient improves). 

Neither hemodialysis nor pentoneal dialysis removes a significant amount of labetalol HCI from the general circulation 
(<1%). 

The oral LDsg value of labetalol HC! in the mouse is approximately 600 mg/kg and in the rat is greater than 2 g/kg. The 
intravenous LDs in these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION 


Patients should always be kept in a supine position during the period of intravenous drug administration. A substantial 
fall in blood pressure on standing should be expected in these patients. The patient’s ability to tolerate an upright position 
should be established before itting any ambulation, such as using toilet facilities. 

Either of two methods of A atraynon ie of NORMODYNE Injection may be used: a) repeated intravenous injections, 

b) slow continuous infusion. 
epeated Intravenous Injection: Initially, NORMODYNE (labetalol HCI) Injection should be given in a dose of 20 mg 
labetalol HCI (which corresponds to 0.25 mg/kg for an 80 kg patient) by slow intravenous injection over a two-minute period. 

Immediately before the injection and at five and ten minutes after injection, supine blood pressure should be measured to 
evaluate response. tional injections of 40 mg or 80 mg can be given at ten minute intervals until a desired supine blood 

essure is achieved or a total of $90 mg labetalol HCl as been injected. The maximum effect usually occurs within 
persis of each injection. 

Slow Continuous Infusion: NORMODYNE (labetalol HCI) Injection is prepared for intravenous continuous infusion by 
Sining the contents with commonly used intravenous fluids (see below). Examples of methods of preparing the infusion 
solution are: 

The contents of either two 20 ml vials (40 ml), or one 40 ml vial, are added to 160 ml of a commonly used intravenous 
fluid such that the resultant 200 ml of solution contains 200 mg of labetalol HCI, 1 mg/ml. The diluted solution should 
be administered at a rate of 2 ml/min to deliver 2 mg/min. 

Alternatively, the contents of either two 20 ml vials (40 ml), or one 40 ml vial, of NORMODYNE (labetalol HCl) 
Injection are add to 250 ml of a commonly used intravenous fluid. The resultant solution will contain 200 mg of 
labetalol HCI, approximately 2 mg/3 ml. The diluted solution should be administered at a rate of 3 ml/min ea delivee 
approximately 2 mg/min. 

rate of infusion of the diluted solution may be adjusted according to the blood pressure response, at the discretion of 
the physician. To facilitate a desired rate of infusion, the diluted solution can be infused using a controlled administration 
mechanism, e.g., graduated burette or mechanically driven infusion pump. 

Since the half lite of labetalol is 5 to 8 hours, steady-state blood levels (in the face of a constant rate of infusion) would 
not be reached during the usual infusion time period. The infusion should be continued until a satisfactory response is 
obtained and should then be stopped and oral labetalol HCI started (see below). The effective intravenous dose is usually in 
the range of 50 to 200 mg. A total dose of up to 300 mg may be required in some patients. 

Pressure Monitoring: The blood pressure should be monitored during and after completion of the infusion or 
intravenous injections. Rapid or excessive falls in either systolic or diastolic blood pressure during intravenous treatment 
should be avoided. In patients with excessive systolic hypertension, the decrease in systolic pressure should be used as 
indicator of effectiveness in addition to the response of the diastolic pressure. 

Ininanon of Dosing with NORMODYNE (labetalol HC!) Tablets: Gait oral dosing with NORMODYNE (labetalol 
HC!) Tablets should begin when it has been established that the supine diastolic blood pressure has begun to rise. The 
recommended initial dose is 200 mg, followed in 6-12 hours by an additional dose of 200 or 400 mg, depending on the blood 
pressure response. Thereafter, inpanent ntranon with NORMODYNE (labetalol HCl) Tablets may proceed as follows: 


Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


“If needed, the total daily dose may be given in three divided doses. 
While in the hospital, the dosage of NORMODYNE Tablets may be increased at one day intervals to achieve the desired 


blood pressure reduction. ; 
For subsequent outpatient titration or maintenance dosing see NORMODYNE Tablets Product Information DOSAGE 
AND AD STRATION for additional recommendations. 


y with commonly used mrravenous fluids 

Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration, 
whenever solution and container it. 

NORMODYNE (labetalol HCI) Injection was tested for compatibility with commonly used intravenous fluids at final 
concentrations of 1.25 mg to 3.75 mg labetalol HCI per ml of the mixture. NORMODYNE Injection was found to be 
compatible with and stable (for 24 hours refrigerated or at room temperature) in mixtures with the following solutions: 
Ringers Injection, USP 
Lacrated Ringers Injection, USP 
5% Dextrose and Ringers Injection 
5% Lactated Ringers and 5% Dextrose Injection 
5% Dextrose Injection, USP 
0.9% Sodium Chloride Injection, USP 
5% Dextrose and 0.2% Sodium Chloride Injection, USP 
2.5% Dextrose and 0.45% Sodium Chloride Injection, USP 
5% Dextrose and 0.9% Sodium Chlonde Injection, USP 
5% Dextrose and 0.33% Sodium Chloride Injection, USP 

NORMODYNE (labetalol HCI) Injection was NOT compatible witii 5% Sodium Bicarbonate Injection, USP. 


HOW SUPPLIED 

NORMODYNE (labetalol HCI) Injection, 5 mg/ml, is supplied in 20 ml (100 mg) (NDC-0085-0362-07) and 40 ml 
(200 mg) (NDC-0085-0362-06) multi-dose vials, boxes of 1. 

Store between 2° and 30°C (36° and 86°F). Do not freeze. 


= Key Pharmaceuticals, Inc. 
I (=) Kenilworth, NJ 07033 USA 13072060-JBS 


Revised 10/86 
Copyright © 1984, 1985, 1986, Key Pharmaceuticals, Inc. All rights reserved 
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The neuromuscular effects of doxacurium were studied in 
26 children during halothane—nitrous oxide-oxygen anes- 
thesia. Neuromuscular blockade was measured using elec- 
tromyographic activity of the adductcr pollicis muscle 
after supramaximal stimulation of the ulnar nerve at 2 
Hz for 2 seconds at 10-second intervals. To estimate the 
cumulative dose-response relation, nine patients received 
incremental doses of doxacurium (2.5-10 pg/kg); nine 


Doxacurium chloride (BW A938U), a new nondepo- 
Jarizing neuromuscular blocking agent, has a dura- 
tion of action in adults similar to that of pancuron- 
ium and appears to be devoid of cardiovascular 
effects (1-3). No data are available to describe the 
pharmacologic effects of doxacurium in children. 
We determined the dose-response relation, the dura- 
tion of neuromuscular blockade, and the effects of 
doxacurium on blood pressure and heart rate in 
children during halothane—nitrous oxide-oxygen an- 
esthesia. 
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patients received 27.5 ygikg (the estimated EDg,); eight 
patients received 50 pg/kg (1.8 X EDgs). The ED25, EDso, 
ED- and EDos (estimated from linear regression plots 
of log dose vs probit of effect) were 11.5, 14.8, 19.0, and 
27.3 pglkg, respectively. Clinica! duration (T25) was 
27.8 + 10.3 (mean + sp) minutes at 1 xX ED; and 50.6 + 
15.6 minutes at 1.8 X EDgs. Time to recovery of the 
train-of-four ratio to 0.75 was 63.1 + 32,9 minutes at 1 X 
EDos and 108.5 + 25.7 minutes at 1.8 X ED,.. There were 
no significant changes in heart rate or mean arterial 
pressure after bolus administration of any dose of doxacu- 
rium. 


Key Words: NEUROMUSCULAR RELAXANTS— 
doxacurium. 


Methods 


Twenty-six children (ASA status I-II) between 2 and 
12 years of age having low-to-moderate risk elective 
surgical procedures requiring tracheal intubation 
were studied. Mean -age was 6.2 + 2.8 (sp) years, 
mean weight 23.1 + 11.2 kg, mean height 116 + 17.0 
cm, and mean body surface area 0.86 + 0.25 m*. The 
study was approved by the Human Rights Commit- 
tee of Children’s Hospital of Pittsburgh; informed 
consent was obtained from a parent. No patient had 
a history of abnormal response to neuromuscular 
blocking agents. No patient received aminoglycoside 
antibiotics or antihistamines within 48 hours of the 
study. In general, premedication was not given, but 4 
of the 26 patients received IM premedication: mor- 
phine (100-150 g/kg) in 3, atropine (8-12.5 g/kg) in 
2, and scopolamine (6 ug/kg) in 1. Hematology pro- 
files, blood chemistries, and urinalyses were mea- 
sured before and after anesthesia in nine patients. 
Anesthesia was induced with nitrous oxide (70%) 
in oxygen (30%) and halothane (3-4% inspired con- 
centration). An IV catheter was inserted after induc- 
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tion of anesthesia and an infusion of 5% dextrose in 
lactated Ringer’s solution was begun. Blood pressure 
and heart rate were recorded by automated sphyg- 
momanometry (Dinamap). Atropine 10 pg/kg was 
given IV before tracheal intubation. Tracheal intuba- 
tion was accomplished without the aid of neuromus- 
cular blocking agents or intravenous or translarynge- 
al lidocaine. After intubation the end-tidal halothane 
concentration was reduced to 0.8 + 0.05%; nitrous 
oxide (70%) in oxygen (30%) was continued. Fentanyl 
(1-3 pg/kg) was given as needed. End-tidal carbon 
dioxide was maintained between 4.0-4.5%; body 
temperature was maintained between 36.5-37.5°C. 
The ulnar nerve was stimulated supramaximally 
(pulse width, 0.1 msec) using cutaneous electrodes 
on the forearm with train-of-four stimuli (2 Hz for 2 
seconds at 10-second intervals). The compound elec- 
tromyogram of the adductor pollicis muscle was 
recorded using a Puritan-Bennett/Datex monitor. The 
degree of neuromuscular blockade was described as 
percentage of control; the height of the first train-of- 
four response (T1) was compared to the control (initial 
baseline) electromyogram height. Baseline levels of 
blood pressure and heart rate were established during 
a 15-minute period after intubation. End-tidal halo- 
thane concentration remained stable during this 15- 
minute period before administration of doxacurium. 

Dose-response relations were established with a 
cumulative dosing technique (4). Patients in group A 
(n = 9) received an initial bolus of doxacurium (10 
ueg/kg) in <5 seconds through a T-connector into a 
rapid IV infusion. Additional boluses (one to five per 
patient) of doxacurium (2.5-10 ug/kg) were given 
after neuromuscular blockade had stabilized (for at 
least 1 minute) to achieve at least 75% neuromuscular 
blockade. Cumulative dosing was accomplished in an 
average of 15.1 minutes (range 11-23), excluding one 
patient in whom cumulative dosing required 47 min- 
utes. The calculated ED,, of doxacurium was admin- 
istered by IV bolus to patients in group B (n = 9). 
Patients in group C (n = 8) received 50 ug/kg (1.8 x 
EDs) doxacurium by IV bolus. Mean levels of arterial 
blood pressure and heart rate were recorded 1, 2, 3, 5, 
and 10 minutes after administration of the bolus 
doses of doxacurium. 

Residual neuromuscular blockade was antago- 
nized using neostigmine (60 pg/kg) and atropine (30 
gkg) in seven group A patients, four group B pa- 
tients, and four group C patients. All other patients 
recovered spontaneously from neuromuscular block- 
ade. All patients were extubated uneventfully in the 
operating room before transport to the recovery room. 

Time in minutes from injection to onset of maxi- 
mum neuromuscular blockade (the onset time) and 
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Figure 1. Individual and median (bold face) cumulative dose- 
response curves for doxacurium in children during halothane 
nitrous oxide-oxygen anesthesia. 


maximum blockade (%) were referenced to the initial 
electromyogram baseline. Times from administration 
of doxacurium to 25% (T25) and 75% (T75) spontane- 
ous recovery of neuromuscular transmission were 
referenced to the final electromyogram baseline at- 
tained for each individual patient (5). The time to 
recovery of the train-of-four ratio to 0.75 and the 
recovery index (T25-T75) were recorded. Dose data 
for patients in group A were transformed to log-dose; 
neuromuscular blockade data were transformed to 
probits. A log-dose probit response curve was then 
constructed for each of the group A patients. Least 
squares regression lines and effective dose estimates 
were calculated for each patient. Median effective 
doses were calculated for the group, excluding the 
patient who required 47 minutes of dosing. The mean 
maximum neuromuscular blockade in patients in 
group B and group C was calculated with nontrans- 
formed effect data. 

All results are reported as mean + sp. The data 
were analyzed using t-tests, Mann-Whitney U tests, 
analysis of variance, and repeated-measures analysis 
of variance where appropriate. Results were consid- 
ered statistically significant when P <= 0.05. 


Results 


There were no differences in the mean age, weight, 
height, or body surface area between patients in 
groups A, B, or C. The median values of doxacurium 
ED25, 50, 75, and 95 during halothane—nitrous oxi- 
de—oxygen anesthesia were 11.5, 14.8, 19.0, and 27.3 
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Table 1. Neuromuscular Effects of Doxacurium 
Recovery 
Maximum Onset T25+ T75t T25-75ł T4:1 > 0.755 
biock(%) time*(min) (min) (min) (min) (min) 
Group Af 88 + 6.6 — 16.3 + 8.8 39.9 + 11.4 25.6 + 6.3 56.0 + 14.5 
(79-98) —- (4.5-32.3) (26.8-57.7) (15.2-35.6) (41.5-77.6) 
n=9 — n= 9 n=8 n= n=5 
Group B 91 + 11.5 6.7 £1.9 27.8 + 10.31 56.7 + 29.4 34.0 + 16.4 63.1 + 32.9 
(61-100) (5.5-11.0) (16.5-44.7) (18.0-96.3) (15.5-57.5) (39.3-118.0) 
n=9 n= 9 = 8 = 8 n= = 5 
Group C 99 + 2.2 5.3 + 3.2 50.6 + 15.6" 72.7 + 14.31 29.9 + 12.2 108.5 + 25.7% 
(96-100) (1.8-10.3) (33.2-79.7) (54.0-90.2) (11.2-41.5) (80.7~141.2) 
n=8 = 8 n= 8 n=5 r=5 n=4 





All values are mean + sp (range). 


*Onset time is the interval from injection to maximum neuromuscular blockade. 
+Time from injection for neuromuscular transmission to recover to 25% of control (T25) or to 75% of control (175). 


ecovery index (T25 to T75 interval). 


ime from injection for the train-of-four ratio to spontaneously recover to 0.75. 


l Recovery data are referenced to the final dose of doxacurium. 
‘Significantly different from group A. 


n differs between subgroups of patients because patients received neostigmine at variable degrees of recovery. One patient in Group B obtained less than 
75% neuromuscular blockade after administration of doxacurium. T25 and T25-75 were therefore not available. 


Table 2. Effects of Doxacurium on Blood Pressure and Heart Rate 


Times after doxacurium administration 


Baseline* 1 minute 2 minutes 3 minutes 5 minutes 10 minutes 
Group B 
MAP (mm Hg) 63.2 + 8.7 64.7 + 8.2 63.8 + 8.9 64.1 + 8.6 62.9 + 10.4 65.3 + 11.5 
HR (beats/min) 119.8 + 14.6 119.0 + 15.0 115.9 + 13.5 116.3 + 12.4 114.8 + 11.8 113.1 + 12.9 
Group C 
MAP (mm Hg) 66.0 + 9.9 67.1 + 10.3 65.4 + 9.2 66.4 + 7.2 66.4 + 8.9 71.3 + 12.5 
HR (beats/min) 107.4 + 15.5 110.4 + 17.6 109.6 + 17.2 109.5 + 15.2 108.8 + 16.4 108.4 + 19.1 


AJl Values are mean + sp. 


“Baseline data were obtained 1 minute before administration of doxacurium. There were no significant differences at any time between or within groups 


B and C. 


pg/kg (Fig. 1). The onset time and recovery data after 
single bolus injections of 27.5 and 50 ug/kg (groups B 
and C) are presented in Table 1. Recovery indexes 
after cumulative dosing (group A) are also presented 
in Table 1. There was no significant difference be- 
tween mean levels of maximum blockade in groups A 
and B. Six of eight patients in group C developed 
complete blockade; one patient developed 96% block- 
ade and one patient developed 97% blockade. There 
were no significant changes in blood pressure, heart 
rate, or cardiac rhythm after an IV bolus of 27.5 pg/kg 
or 50 pg/kg doxacurium (Table 2). No cutaneous 
flushing or other adverse events were observed. 
There were no significant differences between labo- 
ratory values before and after anesthesia attributable 
to administration of doxecurium. 

Full recovery of neuromuscular transmission oc- 
curred spontaneously in 14 of the 26 patients. Four 
patients received antagonists for reversal of neuro- 
muscular blockade, at the discretion of the investiga- 
tor, after recovery of the train-of-four ratio to 0.75. 


One patient recovered spontaneously, though train- 
of-four ratio recovery was not measured because of 
change in the anesthetic background. T25 was dif- 
ferent in all three patient groups. The clinical dura- 
tion (T25) increased from 27.8 + 10.3 to 50.6 + 15.6 
minutes when the dose was increased to 50 ug/kg 
from 27.5. T75 and train-of-four ratio recovery (T4/T1 
= 0.75) were significantly prolonged in patients in 
group C. There was no significant difference in re- 
covery index (T25-T75) between patients in groups A, 
B, and C. There were no other statistically significant 
differences between groups. Neostigmine (60 ug/kg) 
and atropine (30 ug/kg) were given when recovery 
was between 47 and 98% of final baseline and a T4/T1 
ratio of greater than 0.75 followed within 0.16 to 5.7 
minutes. 


Discussion 


The ED; and EDgs of doxacurium in children during 
halothane-nitrous oxide-oxygen anesthesia are com- 
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Table 3. Effective Dosages of Doxacurium in Different 


Age Groups and Different Anesthetic Backgrounds* 


Adults (1) Adults (2) Adults (3) Childrent 
narcotic-N,O narcotic-N,O0 isoflurane halothane 
EDs 15.2 13.0 8.6 14.8 
EDs 25.0 23.0 16.2 27.3 


AR values in ug/kg. 
*As reported in the literature (Ref. 1-3} and in the present studyt 
tPresent study. 


parable to those reported by other investigators dur- 
ing narcotic_nitrous oxide anesthesia in adults (1,2) 
(Table 3). This relation between dosage requirements 
with different age groups and different anesthetic 
backgrounds occurs with other nondepolarizing mus- 
cle relaxants (6-10). Thus, we hypothesize that chil- 
dren will probably require a larger dose (ug/kg) of 
doxacurium than adults to achieve the same degree of 
neuromuscular blockade during equivalent anes- 
thetic backgrounds. The neuromuscular blocking ef- 
fects of doxacurium in adults are potentiated by 
isoflurane (3). Isoflurane potentiation in children has 
not been reported. These age-related differences may 
be explained by an increased volume of distribution 
of doxacurium in children relative to adults. Children 
may also require higher plasma concentrations of 
doxacurium than adults to achieve a comparable 
degree of neuromuscular blockade. Pharmacodyna- 
mic and pharmacokinetic studies are necessary to 
confirm these hypotheses. 

At equipotent doses of doxacurium both time to 
onset of maximum blockade and time to recovery of 
neuromuscular transmission to T25 are shorter in 
children during halothane anesthesia than in adults 
during narcotic anesthesia (1). Shorter onset of block- 
ade is probably related to an increased cardiac output 
and more rapid distribution of drug to the neuromus- 
cular junction in younger patients. Similar age- 
related differences in onset of blockade occur with 
pancuronium (11). More rapid recovery from block- 
ade suggests a higher clearance of the drug in chil- 
dren than in adults. The recovery index (T25-T75) of 
doxacurium in our study was not significantly dif- 
ferent in patients who received 1 or 1.8 times the 
EDoəs. This is consistent with the absence of a cumu- 
lative effect of doxacurium (12). The recovery index in 
children is about half that reported in adults (13). 

Doxacurium had no significant effect on heart rate 
or blood pressure in children where each patient 
served as his own control. These measurements were 
made during a steady state of anesthesia. However, 
heart rate and blood pressure were not measured in 
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control patients given the same type of anesthesia for 
the same length of time for similar surgical proce- 
dures but not given doxacurium. 

In summary, doxacurium is a long-acting nonde- 
polarizing muscle relaxant devoid of effects on heart 
rate or blood pressure in healthy children during 
halothane—nitrous oxide-oxygen anesthesia. Further 
studies are needed to delineate the response of chil- 
dren in the presence of different types of general 
anesthesia. In addition, pharmacokinetic studies may 
explain age-related differences in the neuromuscular 
effects of this new drug. 


Without the assistance of L. Hankins, cana, this study could not 
have progressed as scheduled. 
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The aim of this study was to examine the effects of adenosine 
(AD)-induced hypotension on preganglionic adrenal 
(ASNA) and postganglionic renal (rSNA) sympathetic 
nerve actroity. rSNA (n = 10) and aSNA (n = 6) were 
recorded together with mean arterial pressure (MAP) and 
heart rate (HR) in chloralose-anesthetized, artificially ven- 
tilated rats. In each experiment, hypotension was induced 
by equihypotensive doses of AD (0.03-2.0 mgkg`'. 
min") and sodium nitroprusside (SNP) (1-10 gkg’. 
min” "). SNP induced a progressive reflex tachycardia and 
a reflex increase in rSNA to levels 159 + 35% above control 


ata MAP reduction of 55% of the normotensive control 
value. Equipotent doses of AD induced a decrease in HR 
and significantly less pronounced reflex increase in rSNA. 
The maximal increase in rSNA with AD was 55 + 19% at 
a MAP reduction of 30%. At higher infusions rates of AD, 
rSNA progressively declined toward the normotensive con- 
trol values. However, AD elicited a progressive increase in 
preganglionic aSNA that was not significantly different 
from the increase seen during SNP infusion. It is concluded 
that AD-induced hypotension is associated with a suppres- 
sion of postganglionic sympathetic nerve activity caused by 
an inhibition of ganglionic neurotransmission. 


Key Words: ANESTHETIC TECHNIQUES— 
hypotensive. SYMPATHETIC NERVOUS 
SYSTEM—induced hypotension. 





rent Att tr l e anne 


Induced arterial hypotension (IAH) is employed dur- 
ing certain operations to facilitate surgery and to 
decrease blood loss. When accomplished by the com- 
monly used vasodilator, sodium nitroprusside (SNP), 
IAH unloads arterial baroreceptors, which in turn 
elicit reflex activation of the sympathoadrenal system 
as measured by increased levels of plasma catechol- 
amines (1-3). This increase in sympathetic tone also 
activates the renin—-angiotensin system during LAH, 
partly due to B-adrenergic receptor stimulation (1,4). 
SNP, when used for IAH, thus causes undesirable 
side effects, including tachyphylaxis (5-7) and re- 
bound hypertension (4,8,9). Adenosine (AD) and its 
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related compound, ATP, are endogenous substances 
with powerful vasodilatory properties that recently 
have gained an increasing interest as suitable agents 
for IAH, based on studies in animals (1,10,11-14) and 
in humans (15-17). AD-like compounds elicit hypo- 
tension, which has a more rapid onset and a shorter 
recovery time than that of SNP and is devoid of 
tachyphylaxis, tachycardia, and rebound hyperten- 
sion. Furthermore, neither AD- nor ATP-induced 
hypotension seems to be associated with changes in 
plasma renin activity or plasma levels of norepineph- 
rine (2,13). It seems, thus, that exogenously admin- 
istered AD, in addition to its vasodilatory action, may 
attenuate the reflex activation of the sympathoadre- 
nal system during IAH considerably. The mechanism 
behind this latter property of AD may be at least 
threefold: an inhibitory effect of AD on the release of 
norepinephrine (18); inhibitory effect of AD on sym- 
pathetic ganglionic neurotransmission (19); and an 
AD-induced central inhibition of the sympathetic 
outflow. The effects of AD on neurotransmission, 
using neurophysiologic recording techniques, have 
been studied only in vitro (19). The purpose of the 
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present series of experiments was, therefore, to ex- 
amine in vivo in what way and to what extent AD 
affects sympathetic neurotransmission in relation to 
the hypotensive effect of AD. To this end, we per- 
formed direct recordings of pre- and postganglionic 
sympathetic nerve activity during AD-induced hypo- 
tension in chloralose-anesthetized rats. 


Materials and Methods 


Male Wistar rats (M6llegaard Breeding Centre, Den- 
mark) weighing 290-380 g were used in this study. 
Anesthesia was induced with methohexital sodium 
(Brietal, Eli Lilly Sweden AB, Stockholm) (75 mg/kg 
body weight). The right jugular vein was cannulated 
with two PE-50 catheters for drug administration. 
After a bolus dose of chloralose (50 mg/kg IV) the rats 
received a continuous infusion of chloralose (20-30 
mg-kg *-h~'). The trachea was cannulated (PE-250), 
and the rats were mechanically ventilated with a tidal 
volume of 1.5-2 ml at a frequency of 75 breaths/min to 
maintain Paco, within normal limits (4.5-5 kPa), 
which was confirmed by arterial blood samples (120 
ul) (ABL 20 Radiometer, Copenhagen, Denmark) 
repeatedly during the experiment. Blood losses due 
to blood sampling were immediately restored with 
isotonic saline. Body temperature was kept at about 
37°C by means of a rectal thermometer coupled to an 
infrared heating lamp and a heating pad via a ther- 
mostat. Arterial pressure (AP) was measured by a 
Statham 23 DC pressure transducer connected to a 
PE-50 catheter in the tail artery; mean arterial pres- 
sure (MAP) was obtained by electronic damping of 
this signal. Heart rate (HR) was measured from the 
pulse pressure signal by means of a rate meter. 


Sympathetic Nerve Recordings 


Postganglionic renal sympathetic nerve activity 
(roNA) was recorded from one of the renal branches 
of the left greater splanchnic nerve. Preganglionic 
sympathetic nerve activity (aSNA) was recorded from 
an adrenal branch of the left greater splanchnic 
nerve. The left kidney and adrenal gland were ex- 
posed via a retroperitoneal flank incision. The renal 
or adrenal nerve branch was dissected free from fat 
and connective tissue for a length of 8-10 mm. The 
nerve was then placed on a thin bipolar platinum 
electrode, great care being taken to avoid drying and 
mechanical damage to the nerve. When optimal re- 
cording was achieved, the nerve and the electrode 
were isolated with silicone rubber (Wacker Sil-gel 
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604). The flank incision was then closed and the rats 
were left undisturbed for 2-3 hours before the exper- 
imental procedure. 

The nerve signal was amplified (Grass 511, Grass 
Instrument Co., Quincy, MA) and displayed on an 
oscilloscope (Tektronix Storage Oscilloscope 5115 
Beaverton, OR). The signal was also rectified, and the 
average rectified signal was continuously recorded on 
a Grass polygraph (model 7) together with AP, MAP, 
and HR. To verify that sympathetic activity of the 
adrenal gland nerve recordings was preganglionic in 
origin, hexamethonium (hexamethonium chloride, 
Fluka) was injected as a bolus dose (7.5 mg/kg IV). 
Only those adrenal nerve recordings that responded 
with an increase in nerve activity to hexamethonium 
were regarded as preganglionic and were included in 
the study. In some experiments, hexamethonium 
was also given when renal sympathetic nerve activity 
was recorded to confirm the postganglionic activity of 
the renal nerves. 

Nerve activity was recorded for 45-60 minutes 
after death in all rats as a measure of the level of 
background “noise,” which was subtracted from the 
mean rectified nerve signal recorded in the living rat. 


Experimental Procedures 


The same experimental protocol was used in two 
groups of rats: group A (n = 10: recordings of MAP, 
HR, and rSNA (postganglionic); group B (n = 6): 
recordings of MAP, HR, and aSNA (preganglionic). 
In both groups hypotension was induced first by 
increasing IV infusion rates of AD (0.03—2.0 mg [0.1-6 
umol]-kg~*-min™') and second by SNP (1-10 yg: 
kg~’-min™*) to lower MAP gradually by 70 mm Hg. 
Hypotension was induced three times with each drug 
with short recovery periods between each procedure. 
Fifteen to twenty minutes elapsed between the last 
AD infusion and the first SNP infusion. At each 
period of IAH, HR, and aSNA or rSNA activity were 
measured with every 10-mm Hg decrease from the 
pre-AD or pre-SNP level of MAP. Mean values of HR, 
aSNA, and rSNA were calculated from the three 
periods of [AH for each drug in each experiment. The 
relationships between MAP decrease (10-70 mm Hg) 
and changes in aSNA, rSNA, and HR were plotted 
and the areas under the curves were calculated 
(product of X and Y axes). HR values from groups A 
and B were pooled together. 

In each experiment dose-response effects of con- 
tinuous AD infusion of MAP, HR, aSNA, and rSNA 
were also determined. To reach a steady-state hypo- 
tensive level, AD was continuously infused [V during 
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a 3-minute period at four infusion rates (0.2, 0.5, 1.8, 
and 5.5 wmol/kg body weight per minute), with a 
recovery period of 10 minutes between each 3 minute 
period. Values of MAP and HR from groups A and B 
were pooled together. 

In some of the rats (n = 8), an ECG, recorded as 
limb leads, was registered during both AD and SNP 
infusions. 

Testing for the significance of differences between 
AD and SNP with respect to effects on aSNA, rSNA, 
and HR was accomplished by a Student's paired t-test 
performed on the areas under the curves. Because the 
areas under the curves have no physiologic meaning, 
they are expressed by the numerical values without 
any units. P < 0.05 was considered statistically sig- 
nificant. Data are expressed as mean values + SEM. 


Results 


rSNA, aSNA, and HR Changes during SNP- or 
AD-Induced Hypotension 


MAP before SNP- and AD-induced hypotension was 
132 + 4and 126 + 5mm Hg, respectively, in group A 
(NS) and 130 + 5 and 130 + 7 mm Hg, respectively, 
in group B (NS). Corresponding values of HR were 
384 + 9 and 388 + 8 beats/min in group A (NS) and 
398 + 14 and 412 + 17 in group B (NS). The mean 
absolute values of postganglionic rsNA before SNP- 
and AD-induced hypotension were 2.2 + 0.5 and 2.5 
+ 0.8 uV, respectively, (NS). Corresponding values 
of preganglionic aSNA were 0.9 + 0.4 and 0.9 + 0.5 
uV (NS). 

The increase in rSNA was clearly less pronounced 
when AD was used for induction of [AH compared to 
ONP (Fig. 1). The mean values of the areas under the 
curves were 242 + 77 and 678 + 118 for AD and SNP, 
respectively (P < 0.01). SNP-induced hypotension 
was associated with a progressive increase in rSNA in 
all experiments. At a MAP reduction of 70 mm Hg, 
rSNA was increased by 159 + 35% above the normo- 
tensive control value (Fig. 1). AD-induced hypoten- 
sion was associated with an increase in rSNA at lower 
infusion rates. The maximal increase in rSNA was 55 
+ 19% at a MAP reduction of 40 mm Hg. At higher 
infusion rates, rSNA progressively declined and at a 
MAP reduction of 70 mm Hg, rSNA was increased by 
only 9 + 20% above the normotensive control value 
(Figs. 1, 2A). 

Both AD and SNP induced progressive increases 
in aSNA. The mean values for the areas under the 


ANESTH ANALG 309 
1988;67:307~12 


200 


Ha anag 
D ro R 
o =) © 


rSNA (% of Contr.) 


a 
© 





Postgangl. 
© 


MAP Reduction (mmHg) 


Figure 1. Effects of induced hypotension by sodium nitroprusside 
(SNP, ——) and adenosine (AD, -~~) on postganglionic renal 
sympathetic nerve activity (rSNA}. The mean value for the areas 
under the curves was significantly lower for AD compared to SNP 
(P < Q.01). 


curves were 818 + 221 and 544 + 146 for AD and 
SNP, respectively, values not being significantly dif- 
ferent (P = 0.09) (Figs. 2B and 3). 

Effects of SNP and AD on HR are seen in Figure 4. 
AD induced a clear-cut progressive decrease, 
whereas SNP induced a progressive increase in HR in 
all experiments. The mean values of the areas under 
the curves were —132 + 40 and 130 + 29 (P < 0.001) 
for AD and SNP, respectively (pooled data from 
groups A and B). 


Dose-Response Effects of Continuous AD Infusion 
on MAP, HR, rSNA, and aSNA (Fig. 5) 


There was a dose-dependent decrease in MAP at the 
four AD infusion rates (pooled data from groups A 
and B). HR did not change at the two lower infusion 
rates (0.2 and 0.5 ymol-kg~'-min™') but decreased at 
the two higher infusion rates (1.8 and 5.5 umol 
kg~’-min~*) (pooled data from groups A and B). At 
the two lower infusion rates, rSNA as well as aSNA 
increased (24 + 11%, 50 + 11% and 34 + 24%, 48 + 
21%, respectively). At an infusion rate of 1.8 umol. 
kg`t-min™t, rSNA inhibition started while aSNA fur- 
ther increased. At the highest infusion rate, 5.5 
umolkg`t-min™t, rSNA was only 7 + 20% while 
aSNA was 112 + 29% above the normotensive control 
values. 

The decrease in HR elicited during AD-induced 
hypotension was accompanied by an increase in the 
R-R interval without any signs of arrythmias on ECG. 


Discussion 


The effects on sympathetic neurotransmission in 
anesthetized rats of the two vasodilatory compounds, 
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Figure 2. Recordings from two experiments of arterial blood pres- 
sure, heart rate, mean rectified postganglionic (A), and pregangli- 
onic sympathetic nerve activity (B) during AD-induced hypoten- 
sion. The sympathetic neurogram during normotension before AD 
and at the Paa fa infusion rate are demonstrated in the lower 
At Po infusion rates, a 


nor rmotensive genres y vale as eHow n a by a ‘diminished bites: 
ing activity in the neurogram. Preganglionic sympathetic nerve 
activity (B) increased progressively as arterial blood deere was 
reduced by AD. Note the increased bursting activity at the highest 
infusion rate compared with control. 


DELLE ET AL, 


200 


169 


120 


aSNa 
A 
oS 


(% of Contr.) 
S 
oO 
i EEEE LENES REONE APATE PIPPI R EPEE 





Pregangl. 


0 20 40 60 80 
MAP Reduction (mmHg) 


Figure 3. Effects of induced hypotension by sodium nitroprusside 


(SNP, ——— yand adenosine (AD, ~~~) on preganglionic adrenal 
sympathetic nerve activity (@3NA). The mean values for the areas 
under the curves did not differ significantly between the groups. 


adenosine (AD) and sodium nitroprusside (SNP), 
were analyzed from recordings of adrenal pregangli- 
onic (aSNA) and renal postganglionic (rs NA) sympa- 
thetic nerve activity. Theoretically, it would have 
been more advantageous to measure pre- and post- 
ganglionic sympathetic nerve activity in the same 
svmpathetic fiber. However, it is impossible to record 
from preganglionic renal sympathetic nerves, be- 
cause these fibers travel in the splanchnic nerve 
which in turn consists of pre- and postganglionic 
fibers to many other visceral organs. 

SNP-induced hypotension was accompanied by an 
increase in HR, aSNA, and rSNA, respectively. These 
findings are in all likelihood an expression of barore- 
ceptor-induced compensatory adjustments of the cir- 
culatory apparatus in response to the lowered arterial 
blood pressure. Interestingly, during AD-induced 
hypotension, rSNA, after an initial decrease, declined 
toward normotensive control values, whereas aSNA 
increased progressively (Figs. 1-3). These data sug- 
gest that although the lowered blood pressure re- 
flexly elicits a centrally mediated increase in pregan- 
glionic sympathetic nerve activity, AD induces a 
marked suppression of the postganglionic sympa- 
thetic nerve discharge at higher infusion rates. Thus, 
sympathetic ganglionic neurotransmission is seem- 
ingly inhibited by the AD infusion, whereas central 
reflex pathways are unaffected. 

[It is known that AD inhibits acetylcholine release 
presynaptically by interfering with calcium channels, 
as shown by Alkadhi et al. (19) in vitro. In addition, 
it has been demonstrated that AD may hyperpolarize 
the postganglionic cell body (20). Both these mecha- 
nisms are probably of importance in explaining the 
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Figure 4. Effects of induced hypotension by sodium nitroprusside 
(SNP, ——) and adenosine (AD, ———) on heart rate (HR). SNP 
increased, whereas AD decreased HR in all experiments. Mean 
values presented in the figure represent pooled data from groups 
A and B. The mean value for the areas under the curves was 
significantly lower for AD compared with SNP (P < 0.001). 


inhibition of sympathetic ganglionic transmission in- 
duced by AD. | 

The normalization of rsNA when MAP was re- 
duced by more than 30% at higher AD infusion rates 
can thus partly explain the observation that AD- 
induced hypotension has not been associated with 
increased plasma levels of norepinephrine (13). An 
inhibitory effect of AD on the release of norepineph- 
rine will of course contribute to explain this finding 
(18). The rebound hypertension (as well as the 
tachyphylaxis) usually occurring upon SNP-induced 
hypotension has been reported to be essentially due 
to an increased level of plasma renin concentration 
(1,4). Because sympathetic nerve activity participates 
in the regulation of renin release from renal juxtaglo- 
merular cells (21), the normalization of rSNA due to 
inhibition of ganglionic transmission during higher 
levels of AD infusion may, in part, explain the 
absence of rebound hypertension when this com- 
pound is administered. 

AD-induced hypotension was accompanied by a 
dose-dependent decrease in HR. This phenomenon 
was most likely due to a direct action of AD on the 
conductive system of the heart. Thus, it has been 
reported that AD elicits negative chronotropic and 
dromotropic effects in several species (22). In the 
present study, electrocardiographic recordings veri- 
fied that AD-induced hypotension was associated 
with an increase in the R-R interval but without any 
signs of arrythmias. Furthermore, an inhibitory effect 
of AD on cardiac sympathetic neuroeffector transmis- 
_ sion (23) may also contribute to the bradycardia. 

Tachyphylaxis, rebound hypertension, and high 
cyanide levels are problems associated with use of 
SNP during anesthesia for controlled hypotension. 
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Figure 5. Dose-response effects of adenosine on mean arterial 
blood pressure (MAP, —-—) and heart rate (HR, =) (A) and on 
postganglionic (——) and preganglionic (—~) sympathetic nerve 
activity (SNA) (B). 


These problems have encouraged investigators to 
study the effects of SNP combined with antihyper- 
tensive adjuvant drugs, including B-adrenergic block- 
ers (9), the ganglionic blocking agent trimethaphan 
(24,25), and the centrally acting a-adrenoceptor ago- 
nist, clonidine (3). These studies have been per- 
formed to reduce the amount of SNP required to 
produce an adequate hypotension and prevent hy- 
pertension on discontinuation of SNP. However, 
with AD as the sole agent for deliberate hypotension 
in humans and in animals, problems described above 
have not been reported (see the introduction). Thus, 
the combination of powerful vasodilating properties 
and the inhibitory effect on sympathetic ganglionic 
transmission, as described in this study, makes AD a 
potentially suitable agent for cuntrolled hypotension 
not necessarily requiring other adjuvant antihyper- 
tensive agents. 

We conclude that AD-induced hypotension is as- 
sociated with a significantly less pronounced reflex 
increase in rSNA compared to equihypotensive doses 
of SNP. At higher infusion rates of AD, when MAP is 
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reduced by more than 30% below control levels, 
rSNA decreases toward the normotensive control 
levels, whereas postganglionic rSNA further in- 
creases at equipotent doses of SNP. However, aSNA 
increases continuously and equally during AD- and 
SNP-induced hypotension. Thus, AD, in addition to 
its vasodilating properties, exerts a powerful inhibi- 
tory effect on sympathetic ganglionic transmission. 
These findings thus contribute to an understanding 
of why AD is devoid of tachyphylaxis, tachycardia, 
and rebound hypertension when used for controlled 
arterial hypotension. 
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The analgesic and ventilatory depressant effects of epidural 
and intramuscular alfentanil (15 pz/kg) were compared in 
two groups of seven healthy unpremedicated subjects. 
Fifteen minutes after IM injection, the slope of the ventila- 
tory response to CO, decreased significantly (from 2.72 + 
0.34 to 1.8 + 0.20 Lemin ™ temm Hg~*) while assessment of 
periosteal analgesia showed no change. After epidural 
injection, the slope of the ventilatory response to CO, 
decreased significantly (rom 2.32 + 0.42 to 1.61 + 0.29, 


The analgesic effect of epidural morphine is well 
known (1). Rostral spread of morphine toward the 
medullary structures causes ventilatory depression 
attributable to its retention in CSF because of its 
relatively low lipid solubility. 

However, Negre et al. (2) demonstrated both early 
and prolonged ventilatory depression after epidural 
administration of fentanyl, which is 100 times as lipid 
soluble as is morphine. Recently Chauvin et al. (3) 
studied the pharmacokinetic properties of epidural 
and intramuscular alfentanil, another lipid-soluble 
opioid; however, they did not determine its effect on 
ventilatory control. The aim of this study was to 
compare the analgesia and the change of ventilatory 
response to CO, after alfentanil 15 uwg/kg given intra- 
muscularly or epidurally. 
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1.51 + 0.29, and 1.53 + 0.21 Lemin™’*mm Hg’) at 
15,45, and 90 minutes (x + sp, P < 0.05), and there was 
significant periosteal analgesia of the tibia (15 and 30 
minutes after injection) and of the radius (30 to 90 minutes 
after injection). Throughout the study, plasma alfentanil 
levels were similar after intramuscular and epidural injec- 
tion. These results suggest that epidural alfentanil induces 
ventilatory depression due to the rostral spread of the drug 
rather than to systemic absorption. 


Key Words: ANALGESICS—alfentanyl. 
ANESTHETIC TECHNIQUES, EPIDURAL— 
alfentanyl. PAIN—postoperative. 


Methods 
Patients 


The study protocol received institutional approval, 
and we obtained informed consent from all partici- 
pants. None had clinical evidence of respiratory, 
cardiovascular, hepatic, or CNS disorders. Subjects 
received no medications before the study, were un- 
premedicated, and had fasted overnight. Two groups 
were studied: the epidural group comprised seven 
ASA physical status I males scheduled for minor 
orthopedic (arthroscopy) or urologic (lithotripsy) pro- 
cedures. Their mean (+sp) age, weight, and height 
were 36 + 6 years, 76 + 9 kg, and 177 + 3 cm, 
respectively. The intramuscular group consisted of 
seven ASA physical status I male volunteers. Their 
mean (tsp) age, weight, and height were 37 + 7 
years, 75 + 9 kg, and 177 + 5 cm, respectively. 


Procedure for Intramuscular Injection 


The volunteers did not receive an IV infusion; how- 
ever, we inserted an 18-gauge venous catheter to 
obtain blood samples for measurement of plasma 
alfentanil concentrations. After baseline measure- 
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ments, we injected alfentanil 15 pg/kg into the qua- 
driceps muscle, 


Procedure for Epidural Injection 


We began an infusion of Ringer's lactate solution (3 
mitkg~'sh~") through an 18-gauge venous catheter 
and administered atropine 0.5 mg IV. The ECG was 
continuously displayed on an electrocardioscope and 
arterial blood pressure was measured by a sphygmo- 
manometer cuff. With patients in the sitting position, 
we used a 17-gauge Tuohy needle to insert an epi- 
dural catheter at the L3-L4 interspace and advanced 
the catheter until the 10-cm mark was at skin level. 
After an aspiration test, we injected, 1 hour before 
the start of the study, 2 ml lidocaine 2% with epi- 
nephrine 1:200,000 to rule out an accidental intravas- 
cular or dural puncture. We then turned the patient 
supine with a 45° head-up tilt and injected alfentanil 
(15 pg/kg) in 10 ml saline. After the study, we 
injected the epidural catheter with local anesthetics to 
provide surgical anesthesia. All patients obtained 
effective anesthesia for surgery. 


Clinical Effects 


We evaluated analgesia before and everv 15 minutes 
after alfentanil injection as follows: 1) cutaneous 
analgesia, defined as the dermatome level of subjec- 
tive change in sensation to ice and to pinprick; 2) 
maximum tolerance to periosteal pressure over the 
anterior surface of the tibia and the distal end of the 
radius as determined by the average of three readings 
made with a calibrated, spring-loaded rod (4). The 
subject’s tolerance to periosteal pressure was ex- 
pressed as percentage change from baseline value 
before alfentanil injection. We also recorded side 
effects such as pruritus, nausea, and drowsiness. 


Ventilatory Measurements 


For all subjects, we performed CO, stimulation test 
on the day before the procedure to familiarize them 
with the experiment. Results of this test were not 
included in the data. Tidal volume (VT), respiratory 
rate (RR), and minute ventilation (VE) were recorded 
with the subjects breathing room air and during CO, 
rebreathing, with a mouthpiece and a nose clip, 
through a pneumotachograph (Fleisch No. 2) and 
Rudolph nonrebreathing valve. Instrument dead 
space was 70 ml. The resistance to inspiratory and 
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expiratory flows were 2.4 and 3.6 cm H,O*L~**sec™}, 
respectively, at a flow of 1 L/sec. Ventilatory response 
to CO, was assessed by rebreathing for 4 to 5 minutes 
from a 7-L spirometer filled with a mixture of 7% CO, 
in O. Volume was measured by electronically inte- 
grating the flow signal obtained from a Godart 17212 
differential pressure transducer (Bilthoven Holland) 
connected to a pneumotachograph, previously cali- 
brated with a 1-L syringe of air. End-tidal CO, ten- 
sion (PET...) was measured with a Godart capno- 
graph (Bilthoven Holland) calibrated with 5%, 7%, 
and 9% mixtures of CO, in O,, verified to be within 
1% using Scholander microanalysis. Pneumotacho- 
graph and capnograph outputs were interfaced to a 
CBM SX64 computer with an analog-to-digital con- 
verter (5). After converting ventilatory variables to 
BIPS, linear regression equations were computed 
from Vz and PET, , for each CO, challenge curve. The 
correlation coefficients were ranged from 0.94 to 0.98. 
We performed duplicate CO, response curve mea- 
surements before as well as 15, 45, 90, and 120 
minutes after intramuscular and epidural alfentanil 
injections. 


Plasma Alfentanil Analysis 


Plasma alfentanil levels were assayed from venous 
blood samples taken 15, 45, 90, and 120 minutes after 
the injection of alfentanil, just before each CO, re- 
breathing test. Plasma was separated by centrifuga- 
tion at —4°C, stored at —20°C and was assayed in 
duplicate by radioimmunoassay. Alfentanil was mea- 
sured in our laboratory with a minimum detectable 
level of 0.1 ng/ml and a coefficient of variation of <3% 


(6). 


Statistical Analysis 


Differences between respiratory and analgesia varia- 
bles at each time interval and baseline values were 
tested using one-way analysis of variance followed by 
the use of the Dunnett test for multiple comparisons. 
Differences between the two groups were tested with 
the use of the t-test for unpaired data. Differences 
between the two groups in plasma levels of alfentanil 
were tested using the nonparametric test of Mann- 
-Whitney. P < 0.05 was considered statistically sig- 
nificant. 


Results 

The two groups were not significantly different con- 
cerning age, weight, height, resting respiratory vari- 
ables, and baseline tolerance to periosteal pressure. 
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Figure 1. Maximum tolerance to periosteal pressure after intra- 


Intramuscular Grou 
K muscular alfentanil. Mean values + sEM. 


Apnea never occurred. Transient drowsiness was 
observed 15 minutes after injection in all patients. 
Periosteal pain threshold did not change (Fig. 1). 
Ventilatory variables are summarized in Table 1. 
Resting Ve, RR, and PET,,, values did not change. 
The Ve/Petco, slope decreased significantly 15 min- 
utes after alfentanil. 


Epidural Group 


No side effects occurred. We could not determine a 
precise cutaneous level of analgesia; however, we 
observed significant periosteal analgesia in the tibia 
(15 and 30 minutes after injection) and in the radius 


Table 1. Respiratory Variables and Plasma Alfentanil Values before and after Intramuscular and Epidural Alfentanil 
(15 ue/kg) 


Minutes after alfentanil administration 


Control 15 45 90 120 

Resting PET...” (mmHg) 

IM 39.3 + 1.0t 39.9 + 1.2 39.9 + 1.1 39.6 + 1.2 39.1 + 1.4 

Epidural 38.8 + 1.2 39.5 + 1.5 39.3 + 0.8 39.9 + 1.2 38.3 + 0.9 
Resting RR (breaths/min) 

IM 15.2 + 0.8 14.2 + 0.6 14.3 + 0.6 15.1 + 0.4 16.1 + 0.6 

Epidural 11.9 + 0.8 13.14 10 13.4 + 1.0 14.2 + 2.2 13.9 + 1.3 
Resting Ve (L/min) 

IM 11.5 + 1.3 9.5 + 0.8 9.5 £ 0.9 9.3 + 0.5 10.3 + 0.9 

Epidural 12.3 + 1.0 10.6 + 0.8 10.1218 1s 274 11.4+ 1.3 
Slope VE/PET oo, (L-m~':mm Hg?) 

IM 2.72 + 0.34 1.81 + 0.20f 2.15 + 0.35 2.34 + 0.45 2.58 + 0.27 

Epidural 2.32 + 0.42 1.61 + 0.29} 1.51 + 0.29 1.53 + 0.21¢ 1.92 + 0.34 
Plasma alfentanil (ng/ml) 

IM 23.9 + 3.2 20.7 + 2.9 16.9 + 3.0 14.3 + 2.1 

Epidural 15.9 + 2.3 16.3 + 2.6 22.2 + 2.6 17.8 + 1.4 


*PETCO2, end-tidal CO, tension; RR, respiratory rate; Ve, minute ventilation. 
tMean values + sgm. 


$<0.05 from control value. 
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Figure 2. Maximum tolerance to periosteal pressure after epidural 
ntaniL Mean values + sem. *P < 0.05, “P < 0.01 versus 
control. 


(30 to 9D minutes after injection) (Fig. 2). Ventilatory 
variables are summarized in Table 1. Epidural alfen- 
tanil did not change resting RR, Vz, and PET.o, The 
VE/PET,., slope decreased significantly from baseline 
value 15, 45, and 90 minutes after epidural alfentanil. 
Throughout the study, plasma alfentanil levels were 
similar in the epidural and in the intramuscular 


groups. 


Discussion 

Despite similar plasma levels of alfentanil after intra- 
muscular and epidural administration, we found that 
IM alfentanil produced respiratory depression that 
lasted <30 minutes after injection, whereas epidural 
alfentanil produced significant ventilatory depression 
until 90 minutes after injection. The respiratory de- 
pression observed at 15 minutes in the intramuscular 
group is probably an effect related to blood concen- 
tration of the drug. There is no available information 
in the literature on the relationship between alfenta- 
nil plasma levels and the occurrence of respiratory 
depression. However, the fact that the peak plasma 
level of alfentanil also occurred 15 minutes after 
intramuscular administration, as previously reported 


80 105 120 TIME (MIN) 


by Chauvin et al. (3), strongly suggests that this early 
respiratory depression is related to blood concentra- 
tion of the drug. 

Absorption into the systemic circulation might 
also explain the respiratory depression observed 15 
minutes after epidural injection of alfentanil. How- 
ever, several facts suggest, that the prolonged ven- 
tilatory depression 45 and 90 minutes after injection 
is probably related to rostral spread of the narcotic. 
First, despite similar plasma alfentanil levels, re- 
spiratory depression was of shorter duration after 
IM injection. In addition, the ventilatory depres- 
sion in the epidural group was associated with the 
spread of periosteal analgesia in a rostral direction, 
which suggests a rostral spread of alfentanil in 
the neuraxis as previously reported by Bromage et 
al. after epidural morphine injection (4,7). This 
spread may have occurred either in the CSF or via 
direct perimedullary vascular channels (1). Late de- 
pression of the slope of the ventilatory response to 
CO, after epidural opioid administration has been 
previously reported with both morphine (which has a 
low lipid solubility) (7) and fentanyl (which is a 
highly lipid-soluble opioid) (2). This refutes the hy- 
pothesis that, unlike morphine, lipid-soluble opioids 
easily cross the dura and are rapidly absorbed by the 
spinal cord, inducing segmental analgesia without 
the side effects associated with rostral migration. In 
conclusion, epidural alfentanil induces a prolonged 
depression of the control of ventilation. It is therefore 
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necessary to closely monitor patients receiving epi- 
dural alfentanil. 
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A retrospective study of sequential obstetric patients deliv- 
ering at Untversity Hospital and receiving epidural anes- 
thesia was conducted to determine if a suggested association 
exists between the recurrence of oral herpes simplex lesions 
and the use of epidural morphine. In a retrospective study of 
291 patients, 13 of 134 (9.7%) recetving epidural morphine 
aeveloped recurrent oral herpes lesions in contrast to 1 of 
157 (0.6%) not receiving the drug (P < 0.001). In a 
prospective hospital-based study of 729 consecutive obstetric 
patients, 146 patients recetved epidural opioids (morphine, 
fentanyl, or both) and 583 did not. Recurrent HSVL lesions 


Herpes simplex virus labialis (HSVL), commonly 
known as a cold sore or fever blister, is a manifesta- 
tion of the reactivation of latent HSV-I infection in 
humans (1). Recurrent genital infection is the most 
common form of herpes (HSV-2) occurring during 
gestation (2), but epidemiologic studies of HSV-1 in 
pregnancy are rare. Reactivation of HSVL can be 
triggered by exposure to ultraviolet light, fever, im- 
munosuppression, or trauma, with lesions usually 
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occurred in 13 of 140 (9.3%) patients given epidural 
morphine but in only 6 of 583 (1.0%) not given epidural 
opioids (P < 0.001). Three of the 13 patients with HSVL 
received both epidural morphine and fentanyl and 10 
received only epidural morphine. Because of the small 
numbers of patients receiving only fentanyl, no relation 
between HSVL reactivation and epidural fentanyl could be 
established. In patients having cesarean sections, the asso- 
ciation of recurrent HSVL and the use of epidural morphine 
was significant (P = 0.04), suggesting cesarean delivery 
was not a confounder. A hitherto undescribed triggering 
agent, epidural morphine, appears to be associated with 
reactivation of HSVL in obstetric patients in the postpar- 
tum period. 


Key Words: ANESTHESIA, obstetric. ANESTHETIC 
TECHNIQUES, EPIDURAL—morphine. 


. INFECTION-—herpes simplex. 


appearing along the distribution of the third division 
of the trigeminal nerve. 

In 1985, a possible increase in the frequency of 
recurrent HSVL was observed in obstetrical patients 
who had received epidural morphine for postopera- 
tive analgesia after cesarean delivery in our hospital. 
To appropriately analyze this clinical observation, a 
retrospective and prospective study was designed. 
Epidemiologic data relating to the incidence of HSVL 
and reactivation rates in pregnant women in our 
geographic area were also examined. 


Materials and Methods 
Retrospective Study 


Hospital records of sequential obstetrical patients 
who had received epidural anesthesia for delivery at 
our institution were examined during an 8 month 
period between January and August 1985. The data 
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Table 1. Retrospective Study of Parturients Receiving Epidural Anesthetic 


Administration Oral HSVL (%) 
of epidural 
morphine Present Absent 
Yes 13 :(9.7)* 121 (90.3) 
No 1 (0.6) 156 (99.4) 
Total 14 (4.8) 277 (95.2) 


*P < 0.001; relative risk = 16. 
tP < 0.001; relative risk = 24. 


analyzed included incidence of cold sores (HSVL), 
incidence of facial pruritus, type of delivery (vaginal 
or cesarean), age, parity, and administration of epi- 
dural morphine. Occurrence of typical vesicular le- 
sions on the lips, with or without virological confir- 
mation, and occurrence of pruritus was retrieved 
from the nursing progress notes and the epidural 
narcotic monitoring record. Epidural drugs used for 
analgesia in labor or for surgical anesthesia during 
cesarean section varied, depending on preferences of 
individual anesthesiologists, and included carbon- 
ated lidocaine and bupivacaine 0.25% or 0.5%, ad- 
ministered through an epidural catheter. For postop- 
erative analgesia after cesarean section, a single dose 
(4 or 5 mg) of preservative-free morphine (Epimorph) 
was given. Epidural morphine was the only epidural 
opioid used in our institution during this study. 


Prospective Study 


Because of limitations of our retrospective data, sta- 
tistical analysis could not take into account several 
potential confounders such as age, parity, type of 
delivery with its associated stress, trauma, and his- 
tory of recurrent HSVL. We therefore designed a 
prospective study. Our objective was to determine 
whether the frequency of reactivation of HSVL is 
greater after the use of epidural morphine in the early 
postpartum period. Following approval by the insti- 
tutional ethics committee, parturients delivering be- 
tween January and August 1986 entered the study 
with informed consent. Information relating to the 
history of previous cold sores was recorded on a 
study data collection form, and patients were ob- 
served daily tor 5 days after delivery by an infection 
control nurse for evidence of reactivation. 

Clinical verification of diagnosis of HSVL was 
attempted by viral isolation in patients who devel- 
oped oral lesions. Culturettes (Cepti-Seal-Abbott 
Labs) were used to collect the specimens, which were 
inoculated into Vero-cell cultures and, when the cell 
culture showed cytopathic effects, the virus was 
identified by indirect immunofluorescence using 


Facial pruritus (%) 


Total Present Absent Total 
134 52 (46.3)t 72 (53.7) 134 
157 3 (1.9) 154 (98.1) 157 
291 55 (22.3) 226 (77.7) 291 


monoclonal HSV-I and HSV-II antibody (IAF Produc- 
tion INC). 

Preservative-free local anesthetics, administered 
epidurally fo? pain relief during labor and for surgical 
anesthesia in cesarean sections, varied depending on 
the preferenzes of the individual anesthesiologists. 
Preservative-free epidural fentanyl (50-75 ug) was 
administereé to patients during labor or cesarean 
section when incomplete sensory blockade occurred 
despite appropriate doses of local anesthetics. For 
postoperative pain relief after cesarean delivery, a 
single dose (4 or 5 mg) of preservative-free epidural 
morphine sulfate (Epimorph) was used. Drugs were 
injected through a nylon epidural catheter. No other 
epidural opmwids were used in this study. Severe 
facial pruritus was treated postoperatively with inter- 
mittent IV irjections of naloxone 0.08 to 0.1 mg. 


Community Study 


An additional aspect of the prospective study com- 
prised a community study conducted to determine 
the incidence of HSVL and the frequency of reactiva- 
tion of HSV in our geographic area in obstetrical 
patients. Following approval by the institutional eth- 
ics committee and with the cooperation of the Com- 
munity Heath Unit, Saskatoon, Saskatchewan, de- 
mographic data were collected from women who had 
delivered in Dur city from January to August 1986. All 
postpartum women were visited within 10 days of 
delivery for follow-up by the Community Health 
Unit. During this routine visit, a questionnaire was 
completed Ly the patient. Information obtained in- 
cluded age, parity, hospital of delivery, type of de- 
livery (vaginal or cesarean), past history of cold sores, 
and occurrence of cold sores within 5 days of deliv- 
ery. Confidentiality was maintained by the lack of 
any personal identifiers associated with the form. 
Statistical analysis of all three studies was per- 
formed usinz Pearson x’, Yates corrected x, and the 
Mantel-Haenszel x? test using the BMDP computer 
analysis programs (California). P < 0.05 was consid- 
ered statistically significant. For relatively small num- 
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Table 2. Prospective Study—lIncidence of HSVL and Pruritus in Obstetric Patients 
Type of anesthesia (%) Type of delivery (%) 
General 
None Epidural anesthesia Total Vaginal Cesarean 

Number of 332 348 729 524 205 
Patients (45.5) (47.7) (6.7) (100) (71.9) (28.1) 
Oral HSVL 2 17 19 5 144 

(0.5) (4.9) (2.6) (1.0) (6.8) 
Pruritus 8 123t 131 13 118§ 

(2.1) (35.3) (6.1) _ (18) (2.5) (57.6) 


*P < 0.001, relative risk = 9.3. 
+P < 0.001, relative risk = 16.8. 
P < 0.001, relative risk = 7.2. 
§P < 0.001, relative risk = 23. 


bers of patients in certain subgroups of the prospec- 
tive study, Fisher’s exact test was used. 


Results 
Retrospective Study 


Medical records of 291 sequential parturients who 
delivered at University Hospital between January 1 
and August 31, 1985, and who had received epidural 
anesthesia were analyzed (Table 1). The mean age 
was 26.2 + 0.3 years (SEM) with a parity of 0.9 + 0.1 
(SEM). Of these patients, 152 were delivered vaginally 
and 139 by cesarean section. Epidural morphine was 
administered for postoperative analgesia to 134 of the 
139 in the cesarean group; none of the patients who 
delivered vaginally received epidural morphine. 
Other epidural narcotics were not being used in our 
institution during this study. Recurrent HSVL lesions 
developed in 13 of the 134 patients (9.7%) given 
epidural morphine in the early postpartum period, 
but in only 1 of 157 patients (0.6%) who did not 
receive epidural morphine. Pruritus occurred in 62 
patients (46.3%) given Epimorph and in 3 of the 
patients (1.9%) not having epidural morphine. A 
significant association (P < 0.001) between the use of 
epidural morphine and reactivation of HSVL lesions 
was noted, with a relative risk of 16. The association 
of pruritus and the use of epidural morphine was 
similarly significant (P < 0.001). 


Prospective Study 


From January to August 1986, we studied 729 consec- 
utive obstetric patients delivering at University Hos- 


IP = 0.025. 

{P < 0.001, relative risk = 12. 
#P = 0.04, relative risk = 6.0. 
**P < 0.001, relative risk = 7.4. 


pital (Table 2). The mean age of the parturients was 
27.5 + 0.2 years (SEM) with a parity of 2.1 + 0.1 (SEM). 
Of the 729 women, 710 (97%) were assigned to ASA 
physical status 1 or 2. 

HSVL lesions developed in 19 of the 729 (2.6%) 
patients in the postpartum period, with 14 of the 19 
patients giving a history of previous cold sores. 
Epidural anesthesia had been administered to 17 of 
the 19 patients, in 14 for cesarean sections and in 3 for 
vaginal delivery. Two patients having vaginal deliv- 
eries without epidural anesthesia developed HSVL 
lesions. Of the 729 patients, 364 (49.9%) gave a 
history of previous HSVL, which correlates with 
previously reported epidemiologic studies (1). 

Among the 146 patients who received epidural 
opioids, recurrent HSVL lesions: developed in 13 
(9%), compared to 6 of 583 (1%) who did not receive 
epidural opioids (P < 0.001), with a relative risk of 
8.7. Facial pruritus occurred in 77% of women receiv- 
ing epidural opioids but in only 3% of the nonopioid 
group (P < 0.001), with a relative risk of 25.0. 
Thirty-five patients received epidural fentanyl, with 
or without epidural morphine. None of the patients 
having vaginal deliveries and epidural fentanyl (n = 
6) developed HSVL, but cold sores occurred in 3 of 29 
patients receiving both epidural fentanyl and mor- 
phine during cesarean section. 

Of the 205 women delivered by cesarean section, 
14 (6.8%) developed HSVL lesions postpartum (Table 
2). All of these 14 patients had epidural anesthesia 
and 13 of the 14 received epidural morphine for 
postoperative pain relief. Three of the 13 patients 
developing HSVL received both epidural fentanyl 
and morphine and 10 received only epidural mor- 
phine. HSVL did not occur in any patients receiving 
general anesthesia. Pruritus occurred in 118 of 205 
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Table 2. (continued) 


Type of delivery and anesthesia (%) 
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Type of delivery and receiving 
epidural opiates (Total = 146) 


Vaginal— 
no Vaginal + Cesarean + 
anesthesia epidural epidural 
332 192 156 
(45.5) (26.3) (21.4) 
2 3 14 | 
(0.6) (1.6) (9.0) 
5 8 1154 
(1.5) (4.2) (73.7) 


Cesarean + 
Cesarean + Vaginal + epidural + 
general epidural + morphine + 
anesthesia fentanyl fentanyl 
49 6 140 
(6.7) —_ cee 
0 0 134 
— — (9.3) 
3 2 111" 
(6.1) (79.3) 


Table 3. Cesarean Sections and Postoperative Analgesia 


HSVL No HSVL Total 
Epidural morphine 13” 127 140 
Parenteral narcotic 1 64 65 


Total 14 191 205 
*P = 0.04. 


(58%) patients in the group delivered by cesarean 
section and in 111 of 140 (79.3%) patients given 
epidural morphine. The association of pruritus and 
epidural morphine was statistically significant (P < 
0.001), with a relative risk of 7.4. The association of 
pruritus and epidural fentanyl could not be estab- 
lished as most patients having fentanyl also received 
morphine. Pruritus was documented in 13 of the 19 
cases (68.4%) with reactivated HSVL. The association 
of epidural morphine and HSVL in the subgroup of 
those having cesarean sections and receiving epidural 
morphine was significant (P = 0.04, Fisher's exact 
test), with a relative risk of 6.0 (Table 3). Those not 
receiving epidural morphine included 49 patients 
having a general anaesthetic and 16 with epidural 
anaesthesia. 

Variables including age, parity, number of cold 
sores during this pregnancy, and past history of 
HSVL were analyzed (Takle 4). There were no differ- 
ences comparing patients having vaginal deliveries to 
those having cesearean sections. When comparing 
patients receiving epidural opioids to those who did 
not, no significant difference between the groups was 
observed. Grouped according to the type of anes- 
thetic administered, there was no significant differ- 
ence between the groups receiving general anesthe- 
sia, epidural anesthesia, or no anesthesia. Lesions 
varied in severity, from single or multiple vesicles on 
the vermilion border, to multiple confluent perioral 
lesions, extending to the labial commissure and apex 
of the nose, and to completely cover the alae nasi. 
Recurrent HSVL lesions observed in this study usu- 


ally occurred on the second or third postpartum day 
and many were anecdotally reported as being the 
most severe reactivation the patient had ever experi- 
enced. A few patients having their second or third 
cesarean delivery and not receiving epidural mor- 
phine in the past, stated that they only experienced 
reactivation after administration of epidural mor- 
phine. 

No primary HSV infections were observed, nor 
was there any recognition of maternal to neonatal 
transmission in the form of primary neonatal HSV 
infection. Samples for asymptomatic oral viral shed- 
ding and serological titres were not performed in this 
study. Of the 19 patients in whom HSVL reactivation 
developed, swabs and cultures were obtained from 
16; the results were positive for HSV-1 in 8. No 
isolates of oral HSV-2 were reported. 

Bupivacaine 0.25% without epinephrine was the 
most frequently used local anesthetic for pain of labor 
and carbonated lidocaine hydrochloride with 
1:200,000 epinephrine was the most frequently used 
agent for cesarean delivery. Sixteen of the 19 patients 
(84%) with HSVL had carbonated lidocaine. Intrave- 
nous naloxone was administered within the first 24 
hours postoperatively for facial pruritus in 8 of the 19 
cases of HSVL (43%). 


Community Study 


From February to August 1986, information was 
collected from 990 postpartum patients who deliv- 
ered their infants in Saskatoon (Table 5). The fre- 
quency of reactivation of HSVL within 5 days of 
delivery was significantly greater (P < 0.05) among 
those who underwent cesarean section (9.6%) than in 
those undergoing vaginal delivery (4%). During this 
study it was noted that anesthetists in all three 
community hospitals were routinely administering 
epidural morphine for postoperative pain relief after 
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Table 4. Comparability of Obstetric Patient Groups with Respect to Type of Delivery and Anesthesia—Prospective 


Study 
Cesarean 
Type of anesthesia GA Epidural 
Number of patients 49 156 
Age (mean) 28.8 28.7 
Parity (mean) 2.2 2.8 
Number of cold sores* 0.2 0.1 
(mean) 
History of HSVL (%) 52 43 


“Number of cold sores during current pregnancy. 
Abbreviation: EM, epidural morphine 


Vaginal 
EM Epidural No epidural 
140 192 332 
28.8 25.9 27.8 
PaP 1.6 2.4 
0.2 0.2 0.4 
51 44 53 


No significant difference between groups of patients (Pearson X, Yates corrected x”, Mantel-Haenszel y’). 


Table 5. Community Study—Demographics of Postpartum Patients 


Type of 
delivery Present Absent 
Vaginal 33 (4) 800 (96) 
Cesarean 15 (9.6)* 142 (90.4) 
Total 48 942 
*P < 0.05. 
tP = 0.05. 


cesarean delivery. The community rate of 4% reacti- 
vation of HSVL after vaginal delivery is higher than 
the 2.6% documented at our hospital during this 
study ‘Table 2). The prior lifetime history of HSVL, 
unrelated to pregnancy, in this community popula- 
tion was 44%, similar to the incidence in the general 
population (1). 


Discussion 


Administration of epidural morphine for postopera- 
tive analgesia after cesarean delivery has gained 
widespread popularity and has been used at our 
institution for several years. Common side effects 
include pruritus in the distribution of the trigeminal 
nerve, urinary retention, nausea and, less frequently, 
delayed respiratory depression (3). 

Our observation corroborates the clinical impres- 
sion that there is reactivation of HSVL lesions in 
obstetric patients after the use of epidural morphine 
(4,5). Gieraerts et al. (5) have reported a higher 
incidence of HSVL reactivation in the patients having 
cesarean section and receiving epidural morphine 
than in our study. A similar association of reactiva- 
tion of HSVL has been suggested with the use of 
intrathecal narcotics in pediatric patients (6,7). Our 
study suggests an association between the use of 
epidural morphine, the occurrence of facial pruritus, 
and the reactivation of HSVL in the obstetric popu- 


Oral HSVL within 5 days of delivery (%) 
Total 


History of HSVL in lifetime (%) 


Present Absent Total 
833 367 (44.1) 466 (55.9) 833 
157 83 (52.9)t 74 (47.1) 157 
990 450 540 990 


lation. No association between the use of epidural 
fentanyl and reactivation of HSVL can be suggested 
from this study because of the small numbers receiv- 
ing only fentanyl. 

The mechanism of reactivation is not known. The 
skin trigger and ganglion trigger theories (8) are both 
plausible and, in the former, reactivation of HSVL 
could be explained by the pruritus and ensuing 
scratching. It is improbable that altered immunologic 
response, as suggested by Gieraerts (5), is involved as 
a reactivation mechanism. Obstetrical patients having 
cesarean sections and not having epidural morphine 
do not reactivate HSVL. The mechanism producing 
pruritus along the trigeminal nerve distribution is 
unknown although evidence seems to support the 
case for a central-naloxone-reversible component (9). 
The addition of epinephrine to solutions used in the 
epidural space intensifies the pruritus (10). 

We propose that the mechanism responsible for 
the facial pruritus may be related to the reactivation 
of HSVL, perhaps associated with endogenous 
opioid activity within the spinal nucleus of the trige- 
minal nerve, secondary to rostral spread of the epi- 
dural morphine (11). There is also speculation as to 
whether this could involve lumbosacral ganglia. The 
incidence of genital HSV reactivation was not deter- 
mined in our study, nor was the frequency of asymp- 
tomatic oral viral shedding. Arvin et al. (12) have 
suggested that genital viral shedding does not predict 
the infant’s risk of exposure to HSV at delivery. 


RECURRENT HSVL ASSOCIATED WITH EPIDURAL MORPHINE 


Because both HSV-1 and HSV-2 can be cultured from 
oral lesions, and the risks to the newborn are equal 
for both types of HSV (13), further studies on the 
epidemiology of oral viral shedding in the parturient 
are warranted. 

A hitherto undescribed triggering agent, epidural 
morphine, appears to be associated with pruritus and 
reactivation of HSVL in obstetric patients in the 
immediate postpartum period. No differences in pa- 
tient populations could be identified that might oth- 
erwise account for this observation, including the 
stress of cesarean delivery itself. However, other 
unlikely but potential confounding variables such as 
the addition of epinephrine to the local anesthetic 
solution, administration of intravenous naloxone, the 
local anesthetic solution itself, and use of other epi- 
dural narcotics may have contributed. Additional 
controlled prospective clinical and experimental ani- 
mal studies are needed to confirm the association and 
determine the mechanism of reactivation of HSV in 
association with epidural morphine in obstetric and 
nonobstetric populations. There is presently no data 
to suggest that morphine given by any other paren- 
teral route reactivates HSVL in any population. A 
randomized prospective study has been initiated at 
our institution to address these various confounders 
in obstetric patients. 
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A Double-Blind Study of the Respiratory Effects of Nalbuphine 
Hydrochloride in Spontaneously Breathing Anesthetized Patients 


Stephen A. O’Connor, BSc, MSc, PhD, and David J. Wilkinson, MB, BS, FFARCS 


C’CONNOR SA, WILKINSON DJ. A double-blind 
study of the respiratory effects of nalbuphine hydro- 
chloride in spontaneously breathing anesthetized pa- 
tients. Anesth Analg 1988; 67:324-8. 


Nalbuphine hydrochloride 0.2 mg/kg was compared with 
meperidine 0.5 mg/kg in a double-blind study in 20 patients 
undergoing elective inguinal hernia repair while breathing 
spontaneously under general anesthesia. The respiratory 
effects of the two drugs studied were continuously and 
accurately recorded with a wet wedge spirometer through- 


Nalbuphine hydrochloride (Nubain, du Pont) is a 
semisynthetic narcotic agonist/antagonist analgesic 
of the phenanthrene series. Animal studies suggest 
it is a potent x-opiate receptor agonist and a u- 
opiate receptor antagonist. It should therefore be 
capable of providing analgesia with minimal respira- 
tory depression, have little significant action at the 
o-opiate receptors, and hence cause minimal dyspho- 
ria (1). 

Nalbuphine has been used extensively in anes- 
thetic practice outside the United Kingdom, and it 
was found to be an acceptable premedicant providing 
sedation and analgesia without dysphoria or severe 
respiratory depression (2,3). 

Intraoperatively, the use of nalbuphine has been 
limited primarily to patients in whom respirations 
were controlled (4,5). There are, however, a few 
reports of the use of the drug in patients breathing 
spontaneously (4,6). 

From these studies it appears that nalbuphine is a 
good analgesic with possible advantages over other 
opiates in that it may produce minimal respiratory 
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out the procedure. The acute respiratory effects of these 
analgesic drugs could therefore be assessed. The measure- 
ments recorded before any surgical stimulation showed that 
both nalbuphine and meperidine produce a similar degree of 
respiratory depression. These results are at variance with 
earlier studies that drew conclusions from measurements 
that were neither continuous nor accurate. Nalbuphine was 
found to be a satisfactory analgesic adjuvant in this anes- 
thetic technique. 


Key Words: ANALGESICS—meperidine, 
nalbuphine. 


depression. We designed this study therefore to 
evaluate the respiratory effects of nalbuphine com- 
pared with meperidine in patients breathing sponta- 
neously under general anesthesia. A previously pub- 
lished study (7) showed that meperidine 0.5 mg/kg 
provided a satisfactory opioid adjuvance in a bal- 
anced anesthetic technique. It was decided to com- 
pare this dose with the manufacturer’s recommended 
dosage of nalbuphine 0.2 mg/kg. 


Methods 
Patients 


Twenty patients undergoing elective surgery for the 
repair of inguinal hernia were investigated in a dou- 
ble-blind manner. All patients were seen preopera- 
tively to assess their fitness and, if ASA grades 1 or 2, 
to obtain informed consent for this study, which had 
been approved by the local ethics committee. 
Patients were premedicated with diazepam 0.15 
mg/kg orally 2 hours preoperatively. Anesthesia was 
induced with a sleep dose of thiopental preceded by 
metoclopramide 10 mg and atropine 0.6 mg IV. 
Succinylcholine 1 mg/kg was then given, the larynx 
sprayed with 4% lidocaine, and a cuffed oral tracheal 
tube passed. The lungs were then ventilated manu- 
ally until spontaneous respiration resumed. The pa- 
tient breathed a gas mixture of 30% oxygen in nitrous 


RESPIRATORY EFFECTS OF NALBU?HINE HYDROCHLORIDE 


oxide, with 1% halothane added, at a fresh gas flow 
of 100 ml-kg~’.min™* from a Mapleson A (Magill) 
circuit throughout the procedure. 

Tidal volume was obtained from the output of a 
wet wedge spirometer (8). Carbon dioxide concentra- 
tion was recorded continuously using a Gould Mark 
IV capnograph sampling gas at 200 ml/min from the 
proximal end of the tracheal tube, this method of 
respiratory measurement during anesthesia having 
been previously validated in other studies (7). 

Within approximately 10 minutes of induction, a 
steady state of respiration under anesthesia was 
achieved. We defined this as a steady respiratory 
frequency and tidal volume and a stable end-tidal 
carbon dioxide concentration. 

Once a 3-minute record of the respiratory variables 
had been obtained during the steady state of respira- 
tion the intravenous infusion of analgesic was com- 
menced. The patients were randomly allocated to one 
of two groups. One group received 0.5 mg/kg meper- 
idine, the other 0.2 mg/kg nalbuphine, both made up 
to 30 ml, which was given over 3 minutes using a 
Sage syringe pump, model 355. A further 7 minutes 
elapsed after this infusion before the surgeons were 
allowed to prepare the operative site and start sur- 
gery. 

Recordings were continued throughout the proce- 
dure until the halothane was switched off at the end 
of the operation, at which time the patient was 
extubated and transferred to the recovery room and 
given 4 L of oxygen by face mask. The recovery nurse 
recorded the time at which the patient was able to 
obey a simple command and also assessed the gen- 
eral condition of the patient at 5 and 10 minutes after 
obeying their first command. 

Calculations were made from the continuous 
record of tidal volume to give minute volume by 
summation of each individual tidal expiration in the 
chosen minute. Respiratory frequency was derived 
from the same record. End-tidal carbon dioxide con- 
centration was calculated from the continuous trace 
of tidal carbon dioxide concentration. Calculations 
from the continuous traces were made at 14 time 
points; during steady state, every minute for 10 
minutes from the start of the analgesic infusion, at 
incision, and when the halothane was switched off at 
the end of the surgical procedure. Postoperatively, 
the patients were given opiate analgesics if they were 
in pain, the time of such administration being noted. 
Every patient was seen on the day after their surgery 
by one of the investigators and any side effects were 
noted. 
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Table 1. Demographic Data of Patients Studied 


Nalbuphine Meperidine 
No. of patients 10 10 
Age (years) 
Mean 51 45 
SD 13.1 17.3 
Range 26—67 23—68 
Weight (kg) 
Mean 73 81 
SD 10.5 6.4 
Range 52-92 69-85 
ASA classification 
I 7 9 
H 3 1 
Number of patients with type of 
inguinal hernia 
Direct 6 6 
Indirect 4 4 
Number of patients in each 
classification of difficulty of 
operation 
Easy 8 7 
Moderate 1 2 
Difficult i 1 
Statistics 


Assessment of the respiratory depressive effects of 
the analgesic infusions used was made solely from 
the data obtained before surgical stimulation. Analy- 
sis of variance was performed on the calculated 
values of respiratory frequency, minute volume, and 
end tidal carbon dioxide concentration at the 14 
specific time points. Mean timings such as duration 
of anesthesia were also analyzed in this way. 

The time from the start of the analgesic infusion to 
the first postoperative request for analgesia was ana- 
lyzed using a Mann-Whitney U test as the data were 
not normally distributed. This latter test was also 
used to analyze the data relating to the condition of 
the patient in recovery. The data recorded by the 
investigators regarding side effects was analyzed by a 
x test and a 50% probability test. 


Results 


Table 1 shows the demographic data of the 20 male 
patients studied, by treatment, the ASA classification 
of the patients, together with the type of inguinal 
hernia repaired, and the degree of difficulty of the 
operation as assessed by the surgeon. The patients in 
each treatment group were evenly distributed and 
were therefore comparable. 

Tables 2, 3, and 4 show the means and standard 
errors of the means for respiratory frequency, minute 
volume, and end-tidal carbon dioxide concentration 
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Table 2. Respiratory Frequency (breaths/min) During 
Steady State of Respiration, Start of Analgesic Infusion 
(I), and at Minute Intervals up to I + 10 and also at 
Incision and When Halothane Was Switched Off at the 
End of the Operative Procedure 





Nalbuphine Meperidine 

mean (SE) mean (SE) 
Steady state 27 (1.4) 26 (1.4) 
Start of infusion (I) 27 (1.5) 26 (1.5) 
I+ 1 min 24 (1.8) 26 (1.8) 
I + 2 min 19 (2.2) 23 (2.3) 
I + 3 min 17 (2.3) 18 (2.3) 
I + 4 min 17 (1.9) 17 (2.0) 
I + 5min 17 (1.8) 16 (1.9) 
I + 6 min 16 (1.6) 16 (1.7) 
I+ 7 min 17 (1.7) 15 (1.9) 
I + 8 min 17 (2.2) 15 (2.2) 
I + 9 min 14 (2.0) 18 (1.8) 
] + 10 min 16 (2.5) 18 (2.0) 
Incision 18 (1.9) 17 (1.9) 
Halothane off 23 (2.2) 28 (2.2) 


Table 3. Minute Volume (L) During Steady State of 


Respiration, at the Start of Analgesic Infusion (I), and at 
Minute Intervals up to I + 10 and Also at Incision and 
When Halothane Was Switched Off at the End of the 


Operative Procedure 


Nalbuphine Meperidine 

mean (SE) mean (SE) 

Steady state 6.7 (0.43) 6.1 (0.43) 
Start of infusion 6.5 (0.47) 5.9 (0.47) 
I+ 1 min 4.8 (0.70) 6.1 (0.70) 
I + 2 min 3.4 (0.72) 5.1 (0.72) 
I+ 3 min 3.0 (0.64) 3.6 (0.64) 
I + 4 min 3.5 (0.54) 3.2 (0.57) 
I+ 5 min 3.9 (0.47) 3.5 (0.50) 
I+ 6min 4.1 (0.41) 3.5 (0.43) 
I+ 7 min 4.4 (0.41) 3.4 (0.45) 
I + 8 min 4.0 (0.52) 3.6 (0.52) 
I + 9 min 3.5 (0.59) 4.4 (0.52) 
I + 10 min 3.6 (0.93) 4.3 (0.72) 
Incision 6.9 (0.75) 6.0 (0.75) 
Halothane off ' 6.5 (0.56) 6.4 (0.56) 


at the steady rate of respiration under anesthesia, the 
start of the analgesic infusion (I), at minute intervals 
up to I + 10 minutes, at incision, and at the end of the 
operative procedure when the halothane was 
switched off. 

Figures 1, 2, and 3 show the median values for 
respiratory frequency, minute volume, and end-tidal 
carbon dioxide concentration at the 14 time points 
described above. 

Respiratory frequency and minute volume de- 
creased in both treatment groups within 2 minutes of 
the start of the analgesic infusion, indicative of respi- 
ratory depression of a similar order. End-tidal carbon 
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Table 4. End-Tidal Carbon Dioxide During Steady State 
of Respiration, at the Start of Analgesic Infusion (I), and 
at Minute Intervals up to I + 10 and Also at Incision and 
When Halothane Was Switched Off at the End of the 
Operative Procedure 








Nalbuphine Meperidine 
mean (SE) mean (SE) 
Steady state 5.7 (0.23) 5.9 (0.23) 
Start of infusion (I) 5.8 (0.24) 5.8 (0.24) 
I+ 1 min 5.9 (0.26) 5.8 (0.26) 
I+ 2 min 6.3 (0.27) 5.8 (0.26) 
I+ 3 min 6.1 (0.43) 6.3 (0.38) 
I + 4min 6.7 (0.41) 6.3 (0.41) 
I + 5 min 6.8 (0.28) 6.7 (0.30) 
I+ 6 min 7.1 (0.30) 6.8 (0.32) 
1+ 7 min 7.1 (0.31) 6.9 (0.34) 
I+ 8 min 7.4 (0.34) 6.8 (0.34) 
I + 9 min 7.2 (0.48) 7.1 (0.43) 
1+ 10 min 7.2 (0.48) 7.1 (0.46) 
Incision 6.9 (0.32) 7.0 (0.34) 
Halothane off 6.3 (0.27) 6.0 (0.27) 
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Figure 1. Median values of respiratory frequency in patients re- 
ceiving nalbuphine and meperidine. 


dioxide concentration: increased slowly and by 6 
minutes after the start of the infusion the values 
indicated some degree of respiratory depression in 
both treatment groups. However, at no time for any 
of these pulmonary indexes was there a statistically 
significant difference between the two treatment 
groups. 

For each treatment group the mean time from 
premedication to induction of anesthesia, from in- 
duction of anesthesia to halothane being switched off 
at the end of the operation, for the operative proce- 
dure, from halothane being switched off to the pa- 
tient obeying a simple command, and from the start 
of the infusion of analgesic to the first request for 
analgesia postoperatively are shown in Table 5. There 
were no Statistically significant differences between 
treatment groups for these times despite the apparent 
large difference in mean time to the request for 
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Figure 2. Median values of minute volume in patients receiving 
nalbuphine and meperidine. 
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Figure 3. Median values of end tidal carbon dioxide concentration 
in patients receiving nalbuphine and meperidine. 


postoperative analgesia which in the nalbuphine 
group was 1368 minutes and in the meperidine group 
was 289 minutes. One patient in the nalbuphine 
group required no analgesia at all postoperative. The 
condition of the patient in the recovery room 5 and 10 
minutes after obeying a simple command as assessed 
by the recovery nurse on a four-point scale is shown 
in Table 6. 

There were more patients considered to be in pain 
in the nalbuphine group than in the meperidine 
group, but this did not reach statistical significance. 

All but two patients, one in each treatment group, 
experienced some side effects postoperatively. Many 
of these side effects are probably unrelated to the 
analgesic treatments, but they are listed in Table 7. 
There was no statistically significant difference be- 
tween the two groups studied with respect to these 
side effects. 


Discussion 


There are few reports on the use of nalbuphine in 
patients breathing spontaneously under anesthesia. 
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Table 5. Relevant Times Through the Anesthetic and 
Surgical Procedures 


Nalbuphine Meperidine 


mean (SE) mean (SE) 

Time from premedication to induction 100 (16.2) 112 (15.3) 
of anesthesia (min) 

Time from induction of anesthesia to 68 (5.9) 77 (5.9) 
halothane switched off (min) 

Length of operative procedure (min) 36 (4.3) 41 (4.3) 

Time from halothane switched off to 20 (2.4) 21 (2.4) 
patient obeying simple command 

- (min) 

Time from start of analgesic infusion to 1368 289 


first postoperative request for 
analgesia (min) 


Table 6. Patient Condition in Recovery Room as 
Assessed by the Recovery Room Nurse 5 and 10 Minutes 
After Patients Were Able to Obey a Simple Command 


5 min 10 min 


Nalbuphine Meperidine Nalbuphine Meperidine 


Total number of 9 10 10 9 
patients 

Sleepy and 6 8 6 5 
comfortable 

Fully awake and 0 1 0 3 
comfortable 

Sleepy and in 3 1 3 1 
pain 

Fully awake and 0 0 1 0 
in pain 


We have found that the effects produced by nalbu- 
phine 0.2 mg/kg are very similar to those produced by 
0.5 mg/kg meperidine in terms of the condition of the 
patient both intra- and postoperatively. Furthermore 
our double-blind study shows that nalbuphine is a 
satisfactory adjunct to a balanced anesthetic tech- 
nique in this dosage when patients are breathing 
halothane spontaneously. This is in agreement with 
Klepper et al. (6) who, in their open study compared 
equianalgesic doses of nalbuphine and morphine in 
patients breathing spontaneously under halothane 
anesthesia. Their findings, based on recordings of 
tidal volume from an electronic respirometer and 
total ventilation from a dry gas meter on a nonstand- 
ard anesthetic circuit, were that iri conventional dos- 
ages nalbuphine and morphine produced identical 
respiratory depression. 

Our results are at variance with the often quoted 
work of Magruder et al. (4). Their study, which in- 
cluded only six patients breathing spontaneously dur- 
ing anesthesia, utilized respiratory frequency as the 
sole index of depression of respiration. No conclusions 
should be drawn from such a small population. 
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Table 7. Numbers of Patients Experiencing Side Effects in 
the First 24 hr Postoperatively 


Nalbuphine Meperidine 
Drowsiness 5 8 
Nausea 2 4 
Vomitng 0 1 
Sweating 1 4 
Headache 1 2 
Insomnia 2 1 
Sore throat 1 1 
Abdominal discomfort 2 2 
None 1 1 


Magruder et al. (4) and another study (5) have 
assessed the respiratory depression induced by nal- 
buphine given either as a premedicant or intraoper- 
atively solely by an assessment of postoperative res- 
piratory status in patients electively ventilated during 
operative procedure. No accurate or continuous mea- 
surements of respiration were made after nalbuphine 
administration. No conclusions on the acute respira- 
tory effects of nalbuphine can be made from these 
studies. 

Fragen and Caldwell. (2) attempted to measure the 
acute respiratory effects of intravenous nalbuphine. 
Unfortunately their technique of volume measure- 
ment, an inferential anemometer coupled to a close- 
fitting face mask, is grossly inaccurate and this inac- 
curacy is compounded by the variation in anxiety 
experienced by awake patients in the stressful envi- 
ronment of the operating theatre. No valid conclu- 
sions should be drawn from respiratory measure- 
ments made in such circumstances. 

Our methodology permits a continuous and accu- 
rate assessment of the respiratory effects of nalbu- 
phine during general anesthesia and clearly demon- 
strates the acute depression in respiration after 
nalbuphine administration. 

The side effects seen postoperatively show some 
interesting features. Because nalbuphine is a x-opoid 
receptor agonist, one would have expected greater 
sedation from those patients receiving nalbuphine. 
This was not the case for reasons that are unclear. 

The anesthetic sequence was satisfactory for all 
patients and their postoperative recoveries were un- 
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eventful. Clinically, both treatments produced ade- 
quate analgesia, and there was no difference in post- 
operative analgesic requirements. All patients 
experienced some degree of respiratory depression 
from the analgesic infusion after benzodiazepine pre- 
medication. The effects of nalbuphine administered 
in this manner after an opiate premedication remain 
unknown. 

In conclusion, we believe that nalbuphine and 
meperidine in the doses of 0.2 and 0.5 mg/kg, respec- 
tively, used in the anesthetic sequence described, 
exhibit similar respiratory depressive effects intraop- 
eratively. 
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The inter- and intrasubject variability in blood concentra- 
tion—analgesic response relationship for fentanyl were in- 
vestigated using the technique of patient-controlled analge- 
sia (PCA) in 30 consenting patients scheduled for surgical 
procedures involving an abdominal incision (15 upper and 
15 lower abdominal incisions). All patients had a thio- 
pental, nitrous oxide/oxygen, pancuronium anesthetic with 
200 pg fentanyl intraoperatively. Postoperative pain relief 
was provided with fentanyl from a Janssen On-Demand 
Analgesic Computer (ODAC) set to provide a basal infu- 
sion rate of 20 ug/hr, a bolus “demand” dose of 20 ug, and 
a lockout period of 5 minutes. Frequent blood samples were 
collected immediately before patients demanded doses, and 
these were taken as an estimate of the minimum effective 
concentration (MEC). A mean of 22 samples (range 12 to 
45) were collected per patient over a mean study duration of 
50 hours (range 24 to 72). The patients required larger 
hourly fentanyl doses in the first 6-hour period (83.9 + 


A relation between blood or plasma drug opioid 
concentration and analgesic effect in the treatment of 
postoperative pain has been demonstrated for mepe- 
ridine (1,2), morphine (3), methadone (4,5), and 
ketobemidone (6). These studies (1-6) have led to the 
concept of a minimum effective concentration (MEC) 
for opioids for relief of postoperative pain. This 
concept proposes that consistent and constant pain 
relief should be observed if the blood opioid concen- 
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30.1 pgihr) than in any other 6-hour period (mean values 
varied from 37.3 to 63 uglhr). The mean (+ sp) hourly 
fentanyl dose rate and total cumulative dose were 55.8 + 22 
ugihr (range 28.8 to 136 ug/hr) and 2739 + 1191 pg 
(range 900 to 6260 ug), respectiveiy. The mean (+ sp) 
MEC was 0.63 + 0.25 ng/ml (five-fold range from 0.23 to 
1.18) and the mean intrapatient coefficient of variation in 
MEC was 30.2% (range 16 to 46%). The MEC values 
remained relatively constant in all patients over the 48-hour 
study period. The small intrapatient variation in MEC over 
the study period supports a relationship between blood 
fentanyl concentration and the extent of pain relief. There- 
fore, the large fluctuations in the hourly fentanyl dose rate 
do not accurately reflect the relatively constant blood con- 
centration—analgesic effect relationship. These data empha- 
size the care necessary in the use of mean hourly fentanyl 
dose requirements as derived from PCA infusions as indexes 
of pharmacodynamic effects, especially pain relief. A similar 
situation may exist for the other opioids used in PCA 
infusion pumps. Psychological factors were found to have 
some predictive value for MEC and maintenance dose 
requirements. 


Key Words: PAIN—-postoperative. ANALGESICS— 
fentanyl. 


tration is maintained in excess of the MEC value, 
whereas pain will return if the blood opioid concen- 
tration decreases below the MEC. 

A common feature of the above studies was the 
relatively small intrapatient variation in MEC for each 
opioid in the treatment of postoperative pain. In 
contrast, there was a large interpatient variation in 
the blood or plasma concentration of opioid required 
to achieve adequate pain relief. For example, with 
morphine (3) there was a five-fold interpatient varia- 
tion in the MEC, with meperidine (1,2), an eight-fold 
variation, and with methadone the variation was 
approximately three-fold (4,5). Factors such as the 
depression status of the patient, psychological pro- 
file, and sociocultural behavior patterns related to 
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“models” of pain behavior to which the patient had 
been exposed as a child have been suggested as 
contributing to the wide interpatient variation in 
MEC (7). 

Fentanyl is a synthetic opioid of high potency used 
widely in anesthesia but rarely in postoperative pain 
control because of the short duration of pain relief 
after conventional parenteral doses. However, the 
pharmacodynamic effects of fentanyl are rapidly ob- 
served after intravenous administration because of its 
relatively high lipophilicity. Therefore, fentanyl is 
used in patient-controlled analgesia (PCA) pumps for 
control of postoperative pain. 

Although blood or plasma fentanyl concentration- 
-pharmacodynamic response relationships have been 
demonstrated for loss of consciousness (34 + 7 ng/ml 
(8), EEG changes (6.9 + 1.5 ng/ml [9]), respiratory 
depression (1-5 ng/ml [10,12]), suppression of cardio- 
vascular responses associated with tracheal intuba- 
tion (102 + 50 ng/ml [13]) and extubation (3 ng/ml 
[14,15]), and prevention of intraoperative increases in 
blood pressure associated with surgical stimulation 
(<15 ng/ml, [15]), the blood concentrations associated 
with postoperative pain relief have not been well 
characterized. Lehmann et al. (16) suggested that a 
plasma concentration of approximately 1 ng/ml 
would be necessary for postoperative pain relief. 
However, these results were based on studies in 
which relatively few blood samples (mean of eight 
per patient) were collected over a brief time period 
(5-10 hours). 

The technique of PCA using an on-demand anal- 
gesic computer (ODAC) pump was used to examine 
the fcllowing aims: 1) whether any relationship exists 
between blood fentanyl concentration and analgesic 
effect, 2) to characterize the inter- and intrapatient 
variation in MEC by collecting frequent blood sam- 
ples, 3) to examine whether there was any temporal 
relationship in the MEC values over the 48-hour 
study period and, 4) to predict, preoperatively, both 
the mean hourly fentanyl input rate and fentanyl 
MEC from psychological traits. 

Several studies have reported a correlation be- 
tween assessed preoperative psychological traits (de- 
termined by questionnaire) and postoperative opioid 
requirement or levels of pain assessed by pain scores 
(17-22). 


Methods 
Patient Selection 


Thirty patients undergoing abdominal surgery in- 
volving either an upper (n = 15) or lower (n = 15) 
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abdominal incision consented to be included in the 
study. Patients with significantly impaired renal or 
hepatic function, chronic respiratory illness, docu- 
mented hypersensitivity to opioids, or a history of 
drug abuse were excluded. The study was approved 
by the Drug and Therapeutics Advisory Committee 
and the Clinical Investigation Committee of our insti- 
tution, and patients were free to withdraw from the 
study. 


Preliminary Investigations 


Before surgery, each patient was instructed in the use 
of the ODAC apparatus and completed the following 
psychological questionnaires: 


1. Beck Depression Inventory, a self-rating scale of 
depression (23). 

2. IlIness Behaviour Questionnaire, which scored 
seven traits useful in the examination of the im- 
pact of the surgical event on the patient (24). The 
seven traits were (a) general hypochondriasis, (b) 
disease conviction, (c) psychological compared to 
somatic perception of the illness, (d) affective 
inhibition, (e) affective disturbance, (f) denial, 
and, (g) irritability. 

3. The Eysenck Personality Questionnaire (25), 
which examines extroversion/introversion, neuro- 
ticism, and social conformity (i.e., the tendency 
for the patient to answer the questions to please 
the investigator rather than truthfully). 


Premedication and Anesthetic Management 


Each patient was premedicated with 10 mg diazepam 
orally 2 hours before surgery. Anesthesia, induced 
with thiopental (4 to 5 mg/kg), was followed by 
succinylcholine to facilitate endotracheal intubation. 
All patients were then given 200 ug fentanyl IV and 
anesthesia was thereafter maintained with nitrous 
oxide/oxygen (2:1) supplemented with pancuronium 
for muscle relaxation. Enflurane (0.5-1%) was added 
to the anesthetic if the patient exhibited clinical signs 
of light anesthesia. Reversal of neuromuscular block- 
ade was achieved with neostigmine and atropine. 
Before induction of anesthesia, an intravenous 
catheter fitted with a double three-way stopcock was 
inserted via the antecubital fossa and advanced so 
that the tip of the catheter was in the vicinity of the 
subclavian vein. This catheter was used throughout 
the study for the collection of blood samples. A 
separate peripheral intravenous line fitted with a 
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one-way valve was inserted in the contralateral arm 
and used to infuse fentanyl via the ODAC pump. 


Postoperative Pain Control and Measurement of 
MEC 


On arrival in the recovery ward, the patient was 
connected to the ODAC machine with the variables 
initially set as follows: 


Basal infusion rate: 20 yug/hr, 

Bolus demand dose: 20 ug, 

Maximum hourly dose: 180 yg, 

Lockout period between doses: 5 minutes. 


Before patient-initiated demands, 5-ml blood sam- 
ples were collected into heparinized tubes and stored 
at —20°C until analyzed. Samples were generally 
analyzed within a week of a patient completing the 
study and stability experiments revealed that fen- 
tanyl was stable for at least 2 months when stored at 
—20°C. The blood concentration of fentanyl was 
determined by gas-liquid chromatography with nitro- 
gen-phosphorus detection as previously described 
(26). The blood fentanyl concentrations were taken as 
estimates of the MEC for that particular patient. 
Samples were collected throughout the entire study 
period but not before every demand. 


Clinical Monitoring 


Routine ward observations of blood pressure, pulse 
rate, and hourly unstimulated respiratory rates were 
made throughout the duration of the study. 


Statistical Analysis 


The predictive value of anthropometric and psycho- 
logical measurements for MEC and hourly fentanyl 
dose requirements were examined by linear regres- 
sion. The MEC for each patient was taken as the 
mean of all the estimates for that patient. Initial 
studies indicated that using the logarithm of the MEC 
improved the fit of regression models. The mainte- 
nance dose requirement was taken as the mean 
hourly dose rate over the period 6-30 hours postop- 
eratively; data from the first 6 hours were excluded 
because this appeared to be a period during which 
patients demanded large doses to achieve pseudo- 
steady state (see Discussion). 

Prediction equations for log, (MEC) and mainte- 
nance dose requirements were produced in two 
stages. 
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1. Generation of a subset of models likely to include 
models having good predictive ability. 

2. Selection of the model deemed to have the best 
predictive ability from the subset. 


Model generation was carried out by a branching 
stepwise procedure. Models containing one variable 
were formed from each explanatory variable that 
significantly (P < 0.1) correlated with the dependent 
variable. This comparatively high type 1 error level 
was chosen to reduce the risk of good models not 
being selected; the cost in this case is only the 
increased computational effort resulting from the 
increased size of the generated subset. Two variable 
models were formed from the on-variable models by 
adding any explanatory variable yielding a significant 
(P < 0.1) improvement in fit. Thus, a single one- 
variable model could yield a number of two-variable 
models. When deletion of a variable from the model 
did not lead to a significantly poorer fit (P > 0.3), the 
model with the variable deleted was added to the 
subset. No models were removed from the subset. 
The process was continued until all the models eligi- 
ble to be in the subset had been generated. 

The model in the subset having the smallest pre- 
diction error mean square was selected as the best 
model (PRESS technique, [27]). This method essen- 
tially chooses the model likely to have the best 
predictive power for patients not in the sample stud- 
ied (i.e., future patients). 


Results 


Patient characteristics, type of operation, and medi- 
cation taken in the week immediately before surgery 
are shown in Table 1. There were 17 female and 13 
male patients included in the study with an age range 
from 23 to 74 years and a weight range from 49 to 120 
kg. There was an equal distribution of surgical pro- 
cedures involving upper and lower abdominal inci- 
sions in the study patients. 

The MEC values (upper panel) and the hourly 
fentanyl dose rate (lower panel) as a function of time 
in a representative patient (No. 7) who was a 33-year- 
old woman undergoing drainage of a hepatic cyst is 
shown in Figure 1. It is apparent that the fentanyl 
dose rate was high for the first 5 hours, between 100 
and 140 ug/hr. The hourly fentanyl dose rate then 
decreased to 40-60 yg/hr for the next 30 hours, and 
this was further reduced to 20-40 peg/hr for the 
remainder of the study. It should be remembered that 
the hourly fentanyl dose rate includes the basal 
infusion rate of 20 wg/hr together with the 20-ug 
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Table 1. Anthropometric Data, Type of Operation, and Prior Medication in ODAC Study Patients 





Drugs taken in week before surgery 


Oxazepam, dextropropoxyphene and paracetamol, 
glyceryl trinitrate, colestipol, diflunisal 

Ranitidine 

Metoprolol, chlorthalidone, salbutamol aerosol, 
beclomethasone aerosol, chromoglycate, 
spironolactone 

Salbutamol aerosol, prednisolone, beclomethasone 
aerosol, theophylline, digoxin, verapamil 

Prazosin, amitriptyline 

Phenytoin, methyl phenobarbital 

Prednisolone, iron 

Oxazepam 

Hydrocortisone, pethidine, oxazepam, sulphasalazine 

Oxazepam, amitriptyline 

Oxazepam, prochlorperazine 


Mylanta 


—_—_— 


Oxazepam, metoclopramide 


Oxazepam 
Ranitidine 
Spironolactone, ranitidine 


Amitriptyline, warfarin 
Prednisolone, sulphasalazine, azathioprine 


Carbimazole 

Medroxyprogesterone, oxazepam, potassium 
chloride, methyldopa, methyclothiazide 

Chlorthalidone, dicyclomine, diflunisal, timolol eye 
drops 

Bromazepam, aloxoprin 


— 


Patient Age Weight 
No. Sex (yr) (kg) Operation 
1 F 23 93 Cholecystectomy 
2 F 28 73 Cholecystectomy 
3 F 46 53 Cholecystectomy 
4 M 51 69 Selective vagotomy 
5 F 56 78 Cholecystectomy 
6 M 65 58 Hemicolectomy 
7 F 33 80 Hepatic cyst drain 
8 F 45 69 Cholecystectomy 
9 M 58 82 Sigmoid colectomy 
10 M 54 57 Pancolectomy 
11 F 46 77 Sigmoid colectomy 
12 M 32 76 Resection terminal ileum 
13 M 48 89 Nissan fundoplasty 
14 F 65 74 Cholecystectomy 
15 F 41 55 Gastrectomy 
16 M 57 69 Cholecystectomy 
17 F 31 87 Cholecystectomy 
18 M 38 73 Division of small bowel 
adhesion 
19 F 63 68 Gastrectomy 
20 M 64 102 Vagotomy 
21 F 33 49 Cholecystectomy 
22 M 63 69 Colostomy closure 
23 F 62 71 Colon resection 
24 M 43 120 Correction Hartman's 
procedure 
25 M 30 91 Appendectomy and small 
bowel resection 
26 F 30 77 Appendectomy 
27 F 55 83 Colectomy 
28 F 74 65 Hemicolectomy 
29 M 42 94 Closure colostomy 
30 F 33 80 Resection liver cyst 
Mean 17F 47 76 
SD 13M 13.9 15 
Range 23-74 49-120 


bolus “demand” doses. In contrast, however, the 
individual estimates of MEC (upper panel) for fen- 
tanyl were more constant throughout the study pe- 
riod with a mean + sp value of 0.55 + 0.13 ng/ml 
(range 0.32 to 0.76). 

Summaries of hourly fentanyl dose rates and MEC 
data for all patients are provided in Tables 2 and 3. A 
mean of 22 samples (range 12 to 45) were collected 
per patient over a mean study duration of 50 hours 
(range 24 to 72). There were no cases of clinically 
significant decreases in respiratory rate. All patients 
expressed subjective satisfaction with the quality of 
pain relief obtained with the ODAC system. 


The mean overall hourly fentanyl dose rate for the 
30 patients was 55.8 we/hr. There was a five-fold 
variation from 28.8 to 136 ug/hr in the mean hourly 
dosage requirements between individual patients 
(Table 2). For each particular patient, the hourly 
fentanyl dosage requirements varied throughout the 
study with generally larger doses being required in 
the first 6 hours after surgery than in the following 
6-hour periods (Table 3). The highest dose required 
by any patient in any 1-hour period was 240 ug. The 
mean (+ sp) total dose administered was 2739 + 1191 
pg with a range of 900 to 6260 ug (Table 3). 

The mean MEC for all 30 patients was 0.63 ng/ml 
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Figure 1. Graph of the minimum effective concentration (MEC) of 
fentanyl in blood (upper panel) and hourly fentanyl demand rate 
(lower panel) as a function of time in a 33-year-old woman after 
drainage of a hepatic cyst (patient No. 7). The postoperative pain 
relief was provided by ODAC. The hourly fentanyl demand rate 
represents a basal intravenous infusion of 20 ug/hr, with additional 
20-ug “demand” doses available on request. The MEC represents 
the fentanyl concentration in blood samples collected immediately 
before a patient-initiated demand dose. 


with a range of 0.23 to 1.18 (Table 2). The coefficient 
of variation in MEC within individual patients ranged 
from 16 to 46% with a mean + sp value of 30.2 + 7.7% 
(Table 2). The values for all 657 MEC determinations 
were log normally distributed (Fig. 2), which is con- 
sistent with previously reported data (28). 

Whereas hourly fentanyl dosage rates showed a 
tendency to decrease with time after surgery (Fig. 3, 
stippled area), the MEC values for fentanyl remained 
relatively constant (Fig. 3). These data further dem- 
onstrate that although the dose varied markedly from 
hour to hour, the MEC remained relatively constant. 
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Table 2. Hourly Fentanyl Dose, MEC, and Coefficient of 
Variation in MEC for Fentany] in the Control of 


9am ipm 


Postoperative Pain Using ODAC 








Mean overall Coefficient 

fentanyl dose Mean MEC of variation Number 

per hour ng/ml in MEC of blood 

Patient No. (sg + sp) (+ sp) (%) samples 
1 81.8 + 49.2 1.07 + 0.17 16 16 
2 33.4 £ 17.4 0.33 + 0,12 36 17 
3 53.3 + 27.6 0.88 + 0.34 39 28 
4 84.0 + 34.2 1.03 + 0.29 28 34 
5 42.9 + 23.5 0.45 + 0.14 31 12 
6 81.4 + 52.2 0.64 + 0.21 33 19 
7 49.6 + 29.0 0.55 + 0.13 24 26 
8 37.7 + 22.7 0.23 + 0.10 43 16 
9 32.7 + 30.0 0.38 + 0.14 37 25 
10 46.5 + 343 0.49 + 0,13 27 22 
11 49.7 + 31.1 0.47 + 0.16 34 16 
12 136.0 + 51.2 0.94 + 0.24 26 31 
13 46.5 + 22.9 0.64 + 0.14 22 14 
14 33.22 274 -0302 012 39 15 
15 41.5 + 18.5 0.58 + 0.12 21 16 
16 28.8 + 16.4 0.44 + 0.10 29 15 
17 55.0 + 36.0 0.40 + 0.14 35 33 
18 51.6 + 35.8 0.39 + 0.18 46 21 
19 54.8 + 25.6 0.74 + 0.32 43 20 
20 41.0 + 23.2 0.52 + 0.14 27 12 
21 512+ 26.8 1.138 0.20 17 27 
22 49.1 + 28.7 0.63 + 0.14 22 18 
23 62.6 + 25.0 0.73 + 0.22 30 45 
24 65.0 + 32.2 0.76 + 0.20 26 23° 
25 48.1 + 23.1 0.84 + 0.23 27 26 
26 38.4 + 24.3 0.43 + 0.16 37 16 
27 95.8 + 25.0 0.86 + 0.28 33 20 
28 48.3 + 21.2 0.57 +0.18 32 29 
29 55.9 2.27.9 0.94 £0.25 27 25 
30 78.8 + 39.0 0.54 + 0.12 24 20 

Mean + so 55.8 +22.0 0.63 +0.25 30.2 + 7.7 


The measured psychological and anthropometric 
variables had little predictive ability for MEC. The 


best model was 


log, (MEC) = —0.73 + 0.10 x IBQ2, 


where MEC is in nanograms per milliliter, and IBQ2 
is the score on the second factor (disease conviction) 
of the Illness Behaviour Questionnaire (24). The 
adjusted R? for this model was 0.08 showing that this 
model explains only 8% of the interpatient variability 
in log, (MEC). 

The prediction model for the maintenance dose 
requirement was 


dose requirement = 71 — 5 x IBQ1 + 9 x IBQ2 — 15 x SEX, 


where Dose Requirement is in micrograms per hour, 
IBQ1 and IBQ2 are scores on the first (general hypo- 
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Table 3. Mean Hourly Fentanyl Doses (ug) Subdivided into Six-Hourly Periods Throughout the ODAC Study 





Total 

Patient cumulative 

No. 0-6.0 6—12.0 12-18.0 18-24.0 24--30.0 30-36.0 36—42.0 4248.0 48+ dose (ug) 

1 140 105 43 40 — — — —- 900 
2 55 40 32 27 33 27 20 33 30 1635 
3 90 57 30 43 47 67 57 57 48 3680 
4 93 132 86 73 102 82 76 66 36 4284 
5 73 93 40 53 27 27 40 30 —_ 1840 
6 137 152 56 42 87 63 47 70 m 3665 
Z 117 50 43 50 50 37 27 33 — 2580 
8 63 27 33 46 40 30 27 Sme — 1623 
9 90 43 37 43 37 11 10 10 6 1703 
10 107 37 20 52 58 32 22 45 _ 2232 
11 60 27 33 80 75 35 37 48 — 2235 
12 173 130 140 140 140 140 120 90 — 6260 
13 60 40 47 72 52 27 30 50 — 2142 
14 55 22 25 31 30 23 33 30 — 1347 
15 50 43 43 43 57 35 32 32 25 2032 
16 43 22 25 38 32 15 25 —_ —~ 1150 
17 70 126 55 78 53 53 37 47 32 3795 
18 60 57 - 100 53 30 70 47 13 45 3717 
19 67 70 60 47 43 58 42 58 35 2738 
20 51 45 62 28 27 33 42 _— — 1682 
21 90 47 60 57 43 30 57 67 38 3380 
22 9i 45 65 52 35 22 38 35 — 2210 
23 73 33 57 91 63 40 73 70 — 3005 
24 87 57 73 90 70 80 60 77 36 4160 
25 73 53 53 53 60 47 27 29 33 2597 
26 76 61 22 22 23 33 30 40 1846 
27 113 80 87 103 83 87 97 40 — 3940 
28 70 47 47 70 40 30 40 37 — 2171 
29 77 40 80 83 40 37 67 63 56 3520 
30 113 110 120 90 50 57 40 60 65 4100 
Mean 83.9 63.0 55.8 59.7 52.7 45.8 44.8 47.3 37.3 2739 
SD 30.1 36.1 28.7 26.1 25.7 27.2 23.8 19.6 14.5 1191 


chondriasis) and second factors of the Illness Behav- 
iour Questionnaire, and SEX = 1 for males and 2 for 
females. The adjusted R? for this model was 0.19, 
indicating that this model explained 19% of the 
interpatient variation in dose requirements. Age, 
body weight, and incisional site (i.e., whether upper 
or lower abdominal) were not predictive for either 
MEC or dose requirements. 


Discussion 


Postoperative pain usually comprises at least two 
components. First, a relatively constant pain, which 
may vary in intensity from time to time and, second, 
acute exacerbations of pain associated with specific 
incidents that are superimposed on the constant 
pain. The specific incidents may include deep breath- 
ing and coughing exercises associated with chest 
physiotherapy, getting in and out of bed, and minor 


surgical procedures, such as removing wound drains. 
Therefore, postoperative pain constantly varies 
within certain limits. The technique of PCA allows 
the patient to maintain effective pain-relieving blood 
concentrations to reduce the pain associated with 
these incidents. 

The MECs estimated by PCA, as in the present 
study, do not necessarily represent blood drug con- 
centration above which pain is abolished. It may also 
be the case that different patients will experience 
different degrees of pain when their blood opioid 
concentration is held at their MEC. However, these 
MECs are of practical importance in that they repre- 
sent blood concentrations at or below which patients 
will request additional analgesia. The mean coeffi- 
cient of variation in MEC estimates within a particular 
patient was 30.2% (range 16 to 46%) based on a mean 
of 22 determinations per patient. This small intrapa- 
tient variability in MEC, similar to that reported for 
methadone (18%, 5), meperidine (38%, (2) and mor- 
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Figure 2. The percentage frequency as a function of the log 
fentanyl MEC. The MEC estimates were obtained in 30 patients 
and represent 657 values. 


phine (40%, 5), suggests that patients in a PCA 
system used doses to maintain a minimum blood 
fentanyl concentration sufficient to provide analgesia. 
These data support the concept that a relationship 
exists between blood fentanyl concentration and an- 
algesic effect within each patient. Results of animal 
experiments support this conclusion. For example, 
Ainslie et al. (29) have shown a constant ratio be- 
tween fentanyl concentrations in brain and blood in 
dogs. Further, Hug and Murphy (30) have demon- 
strated that there is a close correlation between con- 
centrations of fentanyl in plasma and cerebral spinal 
fluid (CSF) and the intensity of respiratory depres- 
sion also in dogs. Such data show that the antinoci- 
ceptive activity of fentanyl correlates with brain con- 
centrations, which, in turn show proportionality with 
CSF and plasma fentanyl concentrations. In addition, 
duration and intensity of the respiratory depressant 
effects are directly proportional to fentanyl concen- 
trations in CSF and plasma. Although in the present 
study the intrapatient MEC values remained rela- 
tively constant over the study period, there was a 
five-fold variation in mean MEC values between 
patients (0.23 to 1.18 ng/ml). This interpatient vari- 
ability in MEC is consistent with studies with other 
opioids (1-6). 

The mean hourly dose for all patients in our study 
was 55.8 ug/hr. Consistent with the MEC data, there 
was a large variation among patients in the mean 
hourly dosage input rate (range 28.8 to 136 yg/hr). 
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Figure 3. Graphs of mean hourly fentanyl dose (stippled area) and 
the corresponding mean MEC (@——®) in each 6-hour period in all 
30 patients included in the ODAC study. The mean MEC estimates 
remained relatively constant throughout the study, whereas pa- 
tients self-administered more fentanyl in the first 6 hours than in 
any of the ensuing 6-hour periods. Thus, patients loaded them- 
selves initially with fentanyl and then required a lower input dose 
to maintain their constant MEC. The numbers in parentheses 
represent the number of patients who had MEC estimates per- 
formed in any 6-hour period. The 6- to 18-hour and 30- to 42-hour 
periods generally correspond to nighttime periods when fewer 
blood samples were collected. 


The mean hourly dose rate (55.8 ug/hr) reported in 
this study was consistent with the data reported by 
Kay (31) (52.8 ug/hr in patients having abdominal 
operations) but greater than the doses reported by 
White et al. (32) (44 ug/hr in patients having periph- 
eral vascular operations). In both these studies, post- 
operative analgesia was achieved with fentanyl deliv- 
ered by ODAC systems. However, both studies were 
of considerably shorter duration (mean 11.0 hours 
[31]; mean 14.1 hours [32]) than the present study. It 
is possible that the lower mean hourly fentanyl dose 
rates in the study by White et al. may be associated 
with the site of the operations, i.e., peripheral vascu- 
lar surgery. 

In addition to the interpatient variability in mean 
fentanyl dose seen in the present study, the hourly 
fentanyl requirements for each patient also varied 
markedly. Patients required a larger fentanyl dosage 
in the first 6 hours than in the following periods. 
Because MEC values remained relatively constant, 
however, this finding suggested that patients were 
initially loading themselves with fentanyl to achieve 
an analgesic blood and brain concentration and then 
decreased the dose rate to maintain this concentra- 
tion. This is consistent with pharmacokinetic princi- 
ples that predict that for a drug administered by an 
intravenous infusion, four to six elimination half-lives 
must elapse before a steady state is attained. There- 
fore, mean fentanyl demand rate does not provide an 
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accurate representation of the blood concentration 
data, which is proportionally related (29,30) to the 
concentration of fentanyl in the brain, the determi- 
nant of the pharmacodynamic effects. 

A similar pattern of dosing has been observed in 
studies of other opioids. Chakravarty et al. (33) 
reported dose requirements for meperidine and bu- 
prenorphine administered via PCA machines postop- 
eratively to be the greatest during the first 3 hours 
after surgery for patients who had undergone sur- 
gery involving an abdominal incision. In the next 
3-hour period, the dose administered decreased to 
approximately 60% of the initial 3-hour period, then 
steadily decreased up to 24 hours after operation. 

Psychological factors were found to have some 
predictive value for MEC and maintenance dose 
requirements. The dose requirement was also influ- 
enced by patient gender. Our model predicts lower 
dose requirements for females, whereas patients with 
high scores on IBQ2 (disease conviction) are pre- 
dicted to have higher MECs and higher dose require- 
ments. These factors, however, contribute only a 
small amount to the variation among patients in MEC 
and dose requirements as the models account for 
only 8% and 19% of the variation in log, (MEC) and 
dose requirements, respectively. This finding sug- 
gests that many other factors not examined in this 
study are also important determinants of MEC and 
dose requirement. 

Why is there such a marked interpatient variation 
in MEC beyond that explicable by our regression 
model? Reasons for the marked variability in MEC 
can be subdivided into pharmacokinetic, pharma- 
codynamic, and psychological factors. 

Pharmacokinetic differences between patients in 
the binding of fentanyl to plasma proteins may pro- 
vide part of the explanation. Only unbound drug is 
available for passage across the blood-brain barrier. 
Approximately 80% of fentanyl is bound to plasma 
proteins (34). Fentanyl is a basic drug and is bound to 
acute phase proteins such as a-1 acid glycoprotein 
(AAG) (35). It has been reported that the concentra- 
tions of AAG may increase in certain disease states 
(36), which could therefore lead to increased binding 
and a decrease in the amount of free drug available 
for passage across the blood-brain barrier. 

Variation between individuals in blood and CSF 
concentrations of endogenous opioids (e.g., endor- 
phins) may be a further factor contributing to varia- 
tions in MEC and dose requirements for fentanyl. 
Patients with higher CSF or plasma concentrations of 
endogenous opioids may require less exogenous 
opioid to achieve satisfactory control of postoperative 
pain (37-39). 
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Although it is universally acknowledged that psy- 
chological factors are important in the treatment of 
postoperative pain, the prediction of analgesic re- 
quirements for an individual from psychological test 
scores is difficult. Of all the personality traits exam- 
ined in this study, only those measured by the Illness 
Behaviour Questionnaire had predictive value for 
dose requirements or mean MEC. This contrasts with 
the results of other studies (17-21) that suggest that 


increased postoperative opioid administration is re- 


quired for patients who score highly on extroversion 
and neuroticism scales. 

No cases of clinically significant depression of 
respiratory rate were observed during the study, 
which is consistent with the results of other studies 
performed with fentanyl delivered by ODAC infu- 
sion pumps (31,32). The lack of respiratory depres- 
sion was not surprising because the MEC values 
generated in this study ranged from 0.23 to 1.18 
ng/ml, below the reported concentration of approxi- 
mately 2 ng/ml required to produce clinically signifi- 
cant respiratory depression (11). 

In summary, this study suggests a relationship 
between blood fentanyl concentration and analgesic 
effect as indicated by a small coefficient of variation 
(mean value of 30%) for multiple estimates of MEC in 
patients undergoing surgical procedures involving an 
abdominal incision. The mean MEC obtained in this 
study was 0.63 ng/ml. The five-fold (0.23 to 1.18 
ng/ml) interpatient variation in the MEC is consistent 
with the results obtained in studies with other 
opioids. The reasons for this variability are complex 
and could be attributed to several different psycho- 
logical, pharmacodynamic, or pharmacokinetic fac- 
tors. The MEC data reported in this communication 
will help to provide a basis for establishing the blood 
fentanyl concentrations necessary for effective post- 
operative pain relief following alternative routes of 
administration such as transdermal fentanyl. 
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Spinal Anesthesia and Lumbar Lordosis 


Michael R. Logan, Frarcs, and Gordon B. Drummond, FFARCS 


LOGAN MR, DRUMMOND GB. Spinal anesthesia and 
lumbar lordosis. Anesth Analg 1988;67:338-41. 


Hyperbaric bupivacaine 0.5% (3.0 ml) was injected intra- 
thecally in two groups of 20 patients. Both groups of 
patients lay in the lateral position with their hips flexed at 
90°. In group F, the hip flexton was maintained for 5 
minutes after turning supine. In group S, the hips were 
straightened before the patients were turned to the supine 


Since Barker’s demonstration of the motion of hyper- 
baric solutions within “glass spines” in 1907 (1), 
positioning and tilting of the patient during and after 
intrathecal injections of local anesthetic solutions of 
various baricities have become common practices to 
influence the spread of the resultant blockade (2,3). 
In supine patients, a downward slope between the 
lumbar lordosis and the thoracic kyphosis would 
encourage “pooling” of a hyperbaric solution in the 
thoracic hollow. Lumbar lordosis can be reduced by 
flexion of the hips (4). Using hyperbaric tetracaine, 
omith (4) reduced the cephalad extent of anesthetic 
blockade by 1.5 to 2 dermatomes by maintaining 
flexion of the patient’s hips for 2 to 3 minutes once 
they had been turned into the supine position. This 
maneuver flattened the lumbar lordosis and pro- 
duced a unimodal distribution of the upper extent of 
the block with a modal value of T8. In those whose 
hips were straight, there was a marked bimodal 
distribution with modal values at T4 and T8. How- 
ever, in Smith’s study the assessor of the block was 
not blind to the patient position. The present study 
was undertaken using a blind assessment method to 
determine the effect of reducing lumbar lordosis by 
hip flexion on the extent of analgesic and anesthetic 
blockade, and on cardiovascular side effects, after 
spinal anesthesia with hyperbaric bupivacaine. 
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position. The technique of hip flexion to reduce the lumbar 
lordosis did not significantly limit the height of anesthetic 
blockade. The distribution of height of anesthetic blockade 
showed marked bimodality (P < 0.05) in both groups, in 
group F at T4 and T9 and in group S at T3 and T9. 
Cardiovascular side effects were minimal and equal in both 
groups. 


Key Words: ANESTHETIC TECHNIQUES—spinal. 


Patients and Methods 


Forty patients (ASA 1 or 2) cf either sex, 20-70 years 
old, who were to undergo elective surgery to the 
lower limb or perineum under spinal anesthesia, 
gave informed consent to iake part in the study. 
Approval was obtained from the hospital ethics com- 
mittee. Each patient was premedicated with temaze- 
pam 20 mg orally approximately 1 hour before anes- 
thesia. A peripheral venous cannula was inserted and 
an infusion of lactated Ringer’s solution started. The 
volume administered was limited to <100 ml until the 
end of the assessment period. Patients were ran- 
domly allocated to one of two groups either to main- 
tain hip flexion (group F) or allowed to lie supine with 
straight legs (group S) after the subarachnoid injec- 
tion had been given. Lumbar puncture was per- 
formed with all the patients in the left lateral position 
using a 25-g spinal needle at the L2-3 interspace with 
a standard midline approach. The patient’s spinal 
column, including the neck, was kept as horizontal as 
possible during the lumbar puncture. Three ml 0.5% 
bupivacaine in 8% glucose was injected over exactly 
20 seconds. Immediately after this the patient was 
moved gently into the supine position. In group F, 
the flexion of the lumbar spine necessary to perform 
the lumbar puncture was maintained throughout this 
movement and for the 5 minutes after the injection, 
by keeping the hips flexed at 90°. Five minutes after 
the injection, the legs were gently straightened and 
laid flat on the operating table. In group 5, the 
patients’ hips and knees were straightened before 
turning supine. 
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Table 1. Patient Data* 





Group F Group $ 
(flexed hips) (straight hips) 
Age (yr) 45.6 + 12.1 46.1 + 10.4 
Height (cm) 166 + 7.9 167 + 9.7 
Weight (Kg) 68.6 + 14.6 70.4 + 11.8 


*Data are + Sp. 


Nerve blockade was assessed by an observer un- 
aware of whether or not hip flexion had been main- 
tained. The cephalad spread of analgesia, anesthesia, 
and the degree of motor weakness in the legs were 
assessed at 5-minute intervals for 30 minutes. Anal- 
gesia was defined as inability to appreciate pinprick, 
and anesthesia as the inability to appreciate touch. 
Motor blockade was determined according to a mod- 
ified Bromage scale (5) as follows: 0 = ability to raise 
extended leg against gravity, 1 = inability to raise 
extended leg, 2 = inability to flex the knee, 3 = 
inability to flex the ankle. Arterial pressure (by 
sphygmomanometry) and heart rate were recorded 
before the patient was positioned for lumbar punc- 
ture and at 5-minute intervals for 30 minutes after 
injection. 

Statistical analyses were made using Wilcoxon 
signed rank, Wilcoxon rank sum, Fisher’s exact (6) 
and Silverman (7) tests as appropriate. 


Results 


Details of the patients are given in Table 1. There 
were no significant differences between the groups in 
regard to age, sex, height, or weight. 

The upper extents of anesthesia and analgesia are 
shown in Figure 1. Although in both groups the 
mean levels of analgesia and modal values of anes- 
thesia were one segment higher on the left side of the 
body, this difference was not statistically significant. 
The values used for further analysis were the most 
cephalad regardless of the side of the body. The 
distribution of the upper extent of anesthesia in both 
groups 30 minutes after the injection showed bimo- 
dality (P = 0.03, Silverman test). This was more 
pronounced in group S than in group F. The bimo- 
dality was apparent 5 minutes after the injection and 
became more obvious when the height of block was 
assessed at later times. The two modal values were 
similar in the two groups, with group F at T4 and T9 
and group S at T3 and T9. However the range of 
values in group F (T2-L5) was larger than in group S 
(T1-L1). 

In contrast to anesthesia, the upper extent of 
analgesia showed no statistically significant bimodal- 
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Figure 1. Distribution of the upper extent of analgesic and anes- 
thetic blockade in the two groups. 


ity in either group. There was, however, a bimodal 
tendency at 5 minutes in those with their legs 
straight. This tendency was not seen in later assess- 
ments. At 30 minutes, both groups showed unimodal 
distributions of analgesia with group F skewed cau- 
dally. The mean cephalad spread of analgesia was to 
T5 + 3.0 sp in group F and to T4 + 1.9 sp in group 5. 
The levels of analgesia and anesthesia were not 
related to the patient’s sex, height, weight, or degree 
of obesity (weight/expected weight%). 

Four patients in the “flexed-hip” group did not 
attain full motor blockade of the lower limbs. Three 
could dorsiflex their ankles. One patient had no 
motor block with an accompanying low analgesic 
block to T11 and anesthetic block to L5. Only one 
patient in the “hips-straight” group did not attain full 
motor blockade and could dorsiflex his ankles. 

There were no significant differences in the mean 
heart rates and arterial blood pressures between the 
two groups. One patient in each group had a de- 
crease in systolic pressure of more than 30% from the 
preanesthetic value. Paresthesia of the hands oc- 
curred in four patients, all of whom were in the 
hips-straight group. Three patients, who were all in 
group F, had inadequate blocks for surgery to the 
lower limbs and were given general anesthesia. Two 
patients in group F developed typical postspinal 
headaches with photophobia and postural headache. 


Discussion 


Smith (4) demonstrated that flexing the hips and 
decreasing the lumbar lordosis reduced the height of 
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the block after an intrathecal injection of hyperbaric 
amethocaine. He noted bimodality in the distribution 
of the height of anesthesia in patients turned supine 
and allowed to lie with their hips straight. On the 
other hand, flexion of the hips produced a unimodal 
distribution of height of blockade. However, a major 
disadvantage of the study by Smith was that assess- 
ment of block height was not performed by a separate 
assessor. The present study was designed to reeval- 
uate this finding and showed that there was similar 
bimodality of the cephalad extent of anesthetic block- 
ade, using hyperbaric bupivacaine and with the ex- 
tent of block assessed by an independent observer. 
This bimodality was greater when the hips were kept 
straight but was also seen when they were kept 
flexed. We believe that the mechanism proposed by 
Smith (4) to explain his observations can be used to 
explain our data. 

When a patient is turned into the supine position 
after a midlumbar subarachnoid injection of a hyper- 
baric solution, the injected dose will be split into a 
part that migrates in a cephalad direction and a part 
that flows caudally. A point of maximum lumbar 
lordosis situated in the upper lumbar region will 
reduce the amount of agent that moves in a cephalad 
direction. Because a greater amount of drug is neces- 
sary to cause anesthesia than analgesia, any differ- 
ence between the two maneuvers is likely to be more 
obvious when anesthesia is studied. In contrast, even 
small quantities of the agent migrating cranially may 
be sufficient to provide analgesia. Consequently, al- 
though we found clear evidence of the bimodal extent 
of block when anesthesia was assessed, the distribu- 
tion of the upper extent of the analgesic block was 
unimodal, with a skew in the caudal direction. 

The more marked bimodality seen in patients 
whose hips were straight may be due in part to a 
more lordotic lumbar spine affecting the “splitting 
ratio” of the hyperbaric solution. Levin et al. (8) 
compared intrathecal isobaric and hyperbaric tetra- 
caine in patients being placed early into the lithotomy 
position. However, they only studied the analgesic 
component of the blockade and found no significant 
difference in the extent of blockade with these two 
baricities. In addition, their patients were sitting 
during the intrathecal injection, a position which 
limits the cephalad spread of hyperbaric amethocaine 
(8). The sitting position directs the hyperbaric solu- 
tion caudally, altering the “splitting ratio” once the 
patient is turned supine. Lithotomy position will tend 
to flatten the lumbar lordosis, which would help to 
reduce the caudal migration of the hyperbaric solu- 
tion, offsetting some of the gravitational movement 
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Table 2. Sensory and Motor Blockade and Cardiovascular 
Values in Patients with and without Hip Flexion after 
Intrathecal Hyperbaric Bupivacaine 0.5%" 


Group F Group S 
No. of patients 20 20 
Position of hips flexed straight 
Level of analgesia T5 + 3.0 T4 + 1.9 
Mode level of anesthesia T4 and T9 T3 and T9 
Range of anesthesia T2-L5 T1-T12 


Motor blockade 80 95 
(% with complete block) 
Heart rate (beat/min) 


Before 84 + 12 81 + 14 

After 30 minutes 74+13° 712-17 
Systolic pressure (mm Hg) 

Before 121 + 13 127 + 17 

After 30 minutes 100 + 13 103 + 15 


*Data are + SD. 


occurring while the patient was in the sitting posi- 
tion. 

In the supine patient, the sacral segment of the 
subarachnoid space lies almost vertically, creating a 
sump for the caudally migrating portion of the dose. 
This means that the resultant effect of the “splitting” 
of the dose might be determined early in the migra- 
tion of the injected dose. This could account for the 
occasional patient with a low lumbar anesthetic block 
only, such as occurred in three of our patients in the 
flexed group (Table 2). Positioning the patient with a 
noticable head-down tilt during the injection, as 
described by Nicholson (2) and Lee and Atkinson (3), 
would minimize this sump effect and permit cepha- 
lad movement of the solution before turning the 
patient supine. This would result in the “splitting” 
favoring cephalad spread of the solution. 

The significant bimodal distribution of anesthetic 
block seen in this study highlights the importance of 
the appropriate selection of statistical tests when 
hyperbaric intrathecal injections are studied. Also, 
assuming a continuous distribution of data relating to 
local anesthetic blockade when performing statistical 
analysis is, strictly speaking, incorrect because the 
extent of the block is expressed with an interval scale 
(e.g., L2, L3, L4). However, for many purposes, 
interval data are handled using tests that should 
strictly be restricted to continuous data (e.g., 2.1, 4.3, 
... 5.1), such as Student's t-test. It may be that in 
previous studies of hyperbaric agents, bimodal dis- 
tribution of block height was present, and inappro- 
priate use of statistical tests that assume normally 
distributed, continuous data may have resulted in 
incorrect conclusions. 

We conclude that the technique of hip flexion 
during induction of spinal anesthesia to reduce the 
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lumbar lordosis does not significantly limit the height 
of anesthetic blockade, nor does it influence the 
cardiovascular effects of spinal blockade. Hip flexion 
results in a wider range of height of anesthetic block, 
which reflects a poorer predictability of block. Impor- 
tantly, the bimodal distribution of anesthetic blocks 
found when the block develops with the patient in 
the horizontal supine position is highlighted by the 
change to a more normal distribution when lumbar 
lordosis is reduced by hip flexion. 
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The effect of thiopental on the induction dose-response 
curve for midazolam was studied in nonpremedicated ASA 
physical status I and II patients. As an endpoint of 
anesthesia, ability to open eyes on command was used. 
Dose~response curves for thiopental, midazolam, and their 
combination were determined with a probit procedure and 


The combined effect of midazolam and thiopental on 
the righting reflex in rats is synergistic (1), perhaps 
related to the ability of barbiturates to modulate 
benzodiazepine receptors. Barbiturates, which al- 
losterically enhance the binding of benzodiazepines 
to the benzodiazepine receptors (2-5), along with 
their own anesthetic action, also should enhance 
the anesthetic effect of benzodiazepines. As a result, 
the combined effect of a barbiturate and a benzodi- 
azepine should be more than the sum of the effects 
of the two agents acting separately. The present 
study was designed to test the hypothesis that 
midazolam-thiopental anesthetic interaction is syner- 
gistic in patients as has been demonstrated to occur in 
rats. 


Methods 


Ninety unpremedicated ASA physical status I or II 
adult (21 to 51-year-old) female patients scheduled for 
diagnostic curettage or other minor gynecologic pro- 
cedures participated in the study, which was ap- 
proved by the Institutional Review Board. Three 
groups were studied: one group received thiopental, 
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compared with an isobolographic analysis. Interaction be- 
tween midazolam and thiopental was found to be synergistic 
(supraaaditive). The degree of midazolam—thiopental anes- 
thetic synergism in surgical patients was close to that 
reported previously in rats with loss of the righting reflex as 
an index of anesthesia. 


Key Words: ANESTHETIC, INTRAVENOUS— 
midazolam, thiopental. INTERACTIONS, prucs— 
barbiturates, benzodiazepines. 


and two others received either midazolam or mida- 
zolam-—thiopental combination. Each group com- 
prised 30 patients. The data obtained in the thio- 
pental group were used to determine the dose of 
thiopental administered in the midazolam—thiopental 
group: 0.7 mg/kg (one-quarter of EDs). Next, mida- 
zolam dose-response curves with and without the 
addition of thiopental 0.7 mg/kg were determined. As 
an endpoint of anesthesia the abolition of the ability 
to open eyes on command was used. If the patient 
did not respond to the command, she was assumed 
to be unconscious. _ 

The study was carried out in a double-blind man- 
ner, the response to the command being checked by 
an investigator unaware of what drug or dose was 
used. The following predetermined doses of drugs 
each in a subgroup of five patients were adminis- 
tered: in the thiopental group (mg/kg): 1.7, 2.0, 2.3, 
2.6, 3.0, 3.6; in the midazolam group (mg/kg): 0.07, 
0.10, 0.13, 0.19, 0.26, 0.37; in the midazolam-thio- 
pental group (mg/kg): 0.03 and 0.7, 0,04 and 0.7, 0.06 
and 0.7, 0.08 and 0.7, 0.11 and 0.7, 0.15 and 0.7 
(midazolam and thiopental, respectively). Patients 
were assigned to the subgroups randomly. | 

All drugs were injected intravenously in a constant 
volume of 10 ml over 15 seconds. In the midazolam- 
-thiopental group, midazolam was injected first; fol- 
lowed 1 minute later by thiopental; the endpoint— 
unconsciousness—was determined 3 minutes after 
the first injection. In the midazolam group, midazo- 
lam was injected first, 1 minute later 10 ml of saline 


MIDAZOLAM-THIOPENTAL INTERACTION 


Table 1. Characteristics of Patients (Mean + sD) 


Groups 
Thiopental— 
Variable Thiopental Midazolam midazolam 
Age (years) 33 +5 34 + 6 35S 
Weight (kg) 63 + 4 62+ 9 65 +5 
Number of patients 30 30 30 
(all female) 


was injected and 3 minutes after the first injection the 
éndpoint of anesthesia was checked. In the thio- 
pental group, the endpoint was determined 2 min- 
utes after its injection. After determination of the 
response to verbal command to open the eyes, all 
patients received another dose of an intravenous 
anesthetic to obtain an adequate depth of anesthesia 
before starting the surgica. procedure. 

The percentages of patients unable to open their 
eyes were converted into probit values and plotted 
against logarithmic value for the respective dose. 
Dose-response curves were determined with the 
use of probit analysis (6). To define the type of 
interaction between midazolam and thiopental, iso- 
bolographic analysis was used (EDsy level) (7). EDs 
values from all groups of patients were plotted in a 
form of an isobologram (see an illustration in Fig. 3). 
single-drug EDs points were placed on the dose 
coordinates of the isobologram and a combined EDs, 
point in the dose field. The deviation of a combined 
EDs point from an additive line (straight line joining 
single-drug EDs, points) was measured as the length 
along a line running from the point in question to 
the additive line perpendicular to it. The standard 
error of this distance was computed by the method 
of propagation of error (8), and error estimates from a 
combined EDs, point, as well as single-drug EDs 
points, were used. An approximate t-test used to test 
the assumption of additivity was then obtained as 
the ratio of the measured distance to its standard 
error (9). 


Results 


The study groups were comparable with respect 
to age and weight (Table 1). The thiopental dose- 
response curve for induction of anesthesia is pre- 
sented in Figure 1. The thiopental EDs) value ob- 
tained from this curve was 2.9 mg/kg (95% confidence 
limits, 2.5-3.8 mg/kg). Figure 2 represents the mida- 
zolam dose-response curves for induction of anesthe- 
sia with and without the addition of 0.7 mg/kg 
thiopental (approximately one-quarter of the thio- 
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Figure 1. Thiopental quantal dose-response curve for induction of 
anesthesia. Along the vertical axis, the percentage of patients (ona 
probit scale) who did not open their eyes in response to the 
command. Along the horizontal axis, doses of thiopental (on a log 
scale). Each dot represents a subgroup of five patients at the 
indicated dosage. A horizontal line at the EDgg level indicates 95% 
confidence limits. 


pental EDs, value). The addition of thiopental mark- 
edly shifted the midazolam dose-response curve to 
the left along the dose axis. The midazolam EDs 
value was 0.19 (0.12-0.34) mg/kg, and it decreased to 
0.05 (0.04-0.07) mg/kg with the addition of thio- 
pental. There was also a tendency for the change in 
the slope of the midazolam dose-response curves. 
However, the difference between the slopes of the 
two curves did not reach the level of statistical signif- 
icance. 

The midazolam-—thiopental isobologram is pre- 
sented in Figure 3. The combined ED;, point for 
induction of anesthesia deviates to the left of the 
additive line (joining the single-drug EDs, points) 
indicating synergism (supraadditive interaction). 
Comparison of the combined and single-drug 
EDs, doses is presented in Table 2. In combination, 
the sum of the fractional doses was significantly 
lower than a single-drug fractional dose (0.5 vs 1.0, P 
< 0.001). The ratio of a single-drug fractional dose to 
a combined dose was 2.0. Thus, the table shows that 
approximately one-fourth of the single-drug dose for 
each of the two agents was needed in combination to 
induce anesthesia in 50% of the patients. 


Discussion 


The thiopental EDs) value of 2.9 mg/kg obtained in 
this study is close to the EDsg value for thiopental 


344 ANESTH ANALG 
1988;67:342-5 


95 


EFFECT (% patients) 


0.03 0.04 0.05 0.07 0.10 0.15 0.2 0.3 


DOSE OF MIDAZOLAM (mg-kg-1) 


Table 2. Midazolam—Thiopental Anesthetic Interaction 





TVERSKOY ET AL. 


Figure 2. Midazolam quantal dose-response curves 
for induction of anesthesia with and without the addi- 
tion of thiopental. M + T, dose-response curve for 
midazolam (M) with the addition of 0.7 mg/kg thio- 
pental (T) (a constant dose that equals one-quarter of 
the thiopental EDs value, see Methods). M + S, 
dose-response curve for midazolam with the addition 
of saline (S) instead of thiopental. Each dot represents 
a subgroup of five patients at the indicated dosage 
(closed for M + T, open for M + S). 


Equi-effective doses (EDs9) of midazolam—thiopental combination 


Midazolam component 


Thiopental component 


Fraction Dose Fraction Dose Sum of 
Groups’ of EDs (mg/kg) of ED. (mg/kg) fractional doses Ratio” 

M” 1.00 0.19 0.00 0.00 1.0 

(0.12, 0.347 
M+T 0.26 0.05 0.24 0.74 0.5 2.0 

(0.04, 0.07) P < 0.001 

T 0.00 0.00 1.00 2.9 1.0 

(2.5, 3.8) 


"M, midazolam group; M+T, combined midazolam-thiopental group; T, thiopental group. 


"Ratio of single-drug fractional dose to combined fractional dose. 
“Confidence limits in parentheses. 
“Dose was kept constant (see Methods). 


reported by Stella et al. (10) (in premedicated pa- 
tients)—2.2 mg/kg. Our midazolam EDs, value was 
0.19 mg/kg. Midazolam EDs) values reported in the 
literature for the same endpoint are 0.13 mg/kg (11) 
and 0.19 mg/kg (cumulative doses) (12). Wide differ- 
ences in the induction doses of midazolam reported 
by different authors are well known and has been 
reviewed recently (13). 

The isobolographic analysis used in the present 
study demonstrated synergistic midazolam-thio- 
pental interaction for induction of anesthesia (aboli- 
tion of the response to verbal command). In other 
words, one-quarter of the thiopental EDs) reduced 
the midazolam anesthetic requirement (for EDsg 
level) by three-quarters. The degree of midazolam- 
-thiopental synergism obtained in surgical patients 
is very close to that reported in rats with the use 
of loss of the righting reflex as an index of anes- 
thesia (1). The ratio of single-drug fractional dose to 
combined midazolam—thiopental fractional dose was 
2.0 in patients and 2.6 in rats. The similar type and 


even degree of midazolam—thiopental anesthetic in- 
teraction in humans and in rats makes the rat an 
adequate model for analysis of the mechanism of 
the observed synergism. The first step in such anal- 
ysis would be an exclusion of pharmacokinetic fac- 
tors contributing to the midazolam—thiopental syner- 
gism. 

As far as pharmacodynamic mechanisms are con- 
cerned, the following possibility can be considered: 
The benzodiazepine receptor, the GABA (gamma- 
aminobutiric acid) receptor, and the barbiturate- 
binding sites are part of a supramolecular complex, 
and binding of a drug to one of the sites of this 
complex can allosterically modify the benzodiazepine 
receptor (14). It has also been shown that barbiturates 
enhance binding of benzodiazepines to the benzodi- 
azepine receptor (2-5). The synergistic anesthetic 
interaction between midazolam and thiopental may 
be explained on this basis. In conclusion, midazolam- 
-thiopental interaction in patients results in a syner- 
gism regarding induction of anesthesia. 
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Figure 3. EDs) isobologram for the anesthetic interaction of mida- 
zolam and thiopental. EDsọ values generated by probit analysis 
indicate the dose level that provides the effect in 50% of the 
patients. T and M are EDs, values for midazolam and thiopental 
given alone. M + T is ED, value for the midazolam—thiopental 
combination. The dashed straight line connecting the single-drug 
EDs, points, T and M, is an additive line. P value indicates the level 
of statistical significance for deviation of the combined EDs point 
to the left of the additive line, indicating a synergism. 
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Thiopental Does Not Alter Ca** Uptake by Cardiac 


sarcoplasmic Reticulum 


Thomas J.J. Blanck, MD, Php, and Robert L. Stevenson, MD 


BLANCK TJJ, STEVENSON RL. Thiopental does not alter 
Ca?* uptake by cardiac sarcoplasmic reticulum. Anesth 
Analg 1988;67:346-8. 


The effect of thiopental on Ca** uptake by cardiac sarcopla- 
smic reticulum (SR) isolated from the rabbit was examined 
to clarify the role of the sarcoplasmic reticulum in the 
negative inotropic action of thiopental. Thiopental, from 0 
to 378 uM, did not alter the rate of Ca** uptake by the SR. 
We also compared the ATP dependence of Ca** uptake in 


Thiopental, a commonly used intravenous anesthe- 
tic, is a known depressant of cardiac contractility (1). 
The mechanism by which thiopental depresses car- 
diac contractility is still uncertain, but previous re- 
ports have suggested thiopental induces changes in 
sarcolemmal and sarcoplasmic reticulum (SR) func- 
tion. The sarcoplasmic reticulum is a Ca**-seques- 
tering organelle important in the control of contrac- 
tion and relaxation. Alteration in the binding of Ca** 
to cardiac sarcoplasmic reticulum by barbiturates has 
been observed (1-3). Nayler and Szeto (2), for exam- 
ple, found an increased relaxation time in canine 
trabecular muscle exposed to pentobarbital but did 
not observe a dose-dependent alteration in micro- 
somal Ca** uptake from 0 to 2.0 mM pentobarbital. 
On the other hand, Lain et al. (3) did find a dose- 
dependent decrease in SR Ca** uptake by pentobar- 
bital at 1-3 mM. We have examined the effect of the 
thiobarbiturate, thiopental, on rabbit ventricular SR 
Ca?* uptake to clarify the possible role of one nega- 
tive inotropic site of action. 
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the presence and absence of 284 uM thiopental. The K, for 
ATP and the Vmax of Ca* uptake were unaffected by 
thiopental. It is concluded that thiopental does not alter 
Ca** uptake by the SR and that the negative inotropic 
effects of thiopental occur at other sites in the myocardial 
cell. 


Key Words: ANESTHETICS, INTRAVENOUS— 
thiopental. HEART, MYOCARDIAL FUNCTION—Ca** 
uptake. IONS—calcium. 


Methods 


Rabbit cardiac sarcoplasmic reticulum was prepared 
by the method of Harigaya and Schwartz (4). Calcium 
uptake experiments were performed in 12 X 75-mm 
glass test tubes. The reaction medium consisted of 
100 mM KCI, 5 mM MgCl, 5 mM sodium azide, 0.1 
mM CaCl, 50 mM 4-(2-hydroxyethyl)-1-piperazine- 
ethanesulfonic acid (Hepes) with “CaCl, (140,000 
cpm/sample). Experiments were performed at 37°C, 
pH 7.4, and the reaction was initiated by the rapid 
sequential addition of 5 mM ATP and 100 yg of SR. 
An aqueous solution of thiopental was added to the 
reaction medium before the addition of ATP and SR. 
The rate of calcium uptake was estimated by a 2- 
minute incubation. Aliquots of the reaction medium 
were sampled at 2 minutes and placed on Whatman 
GFF elass-fiber filters under vacuum. Each filter was 
rinsed with 20 ml ice-cold CaCl,, air dried, and placed 
in 5 ml of scintillation fluid. “Ca accumulated in the 
SR was quantified by liquid scintillation counting of 
the SR vesicles retained on the GFF filters. *°Ca 
counting efficiency was approximately 95%. 

Protein was measured by the method of Bradford 
(5). Water used for reagents was distilled and deio- 
nized. All chemicals were reagent grade. Hepes was 
purchased from Calbiochem-Behring Corporation. 
CaCl, 10 mCi/ml, was purchased from New En- 
gland Nuclear Company. GFF filters were purchased 
from Whatman, Inc. 


THIOPENTAL AND CARDIAC Ca?* UPTAKE 


Calcium Uptake 
(% Control) 


Thiopental (ug/ml) 


Figure 1. The dependence of canine cardiac sarcoplasnuc reticu- 
lum Ca** uptake on thiopental concentration. Experimental con- 
ditions as described under Methods. The data are expressed as 
percentage of control. The data are the means of observation from 
four independent experiments + sp. The following are the equiv- 
alent molar concentrations of thiopental: 25 ug/ml, 94.6 aM; 50 
ug/ml, 189 uM; 100 ug/ml, and 378 uM. 
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Figure 2. The ATP dependence of Ca** uptake in the presence 
and absence of 75 ug/ml (284 uM} thiopental. Experimental condi- 
tions as described under Methods. Each point is the mean of three 
observations + sp. The curves were generated from the Michaelis 
-Menten equation using the values of Km and V max obtained from 
weighted nonlinear regression analysis. 


Results 


To observe whether thiopental exposure had any 
effect on Ca** uptake by cardiac SR, the SR mem- 
branes were added to a solution containing thio- 
pental to initiate the Ca** uptake reaction. Figure 1 
demonstrates the effect of increasing concentrations 
of thiopental on Ca** uptake at 5 mM ATP. The data 
are presented as the percentage uptake activity rela- 
tive to activity in the absence of thiopental (TPL): 


2+ 
_(Ca® uptakerpr) x 100% = % Ca?t uptake. 


(Ca** uptakerpy =o) 
Each data point is the mean of duplicate samples of 
four experiments. The data demonstrate that thio- 
pental over the concentration range studied had no 
effect on SR Ca** uptake. 

The ATP dependence of Ca?* uptake is shown in 
Figure 2. Thiopental slightly stimulated uptake over 
the entire ATF range. Statistical estimates of K,, and 
V nax Were determined by weighted nonlinear regres- 
sion analysis (Table 1) (6). There was no statistically 
significant difference between control and thiopental- 
treated SR for either of these parameters. The curves 
in Figure 2 were generated from insertion of the Km 
and V max Values into the Michaelis-Menten equation. 
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Table 1. The Effect of Thiopental (75 ug/ml) on the 
Michaelis-Menten Constants 





Vax 
Km (mM + sE) (nmol/mg/2 min + SE) 
Control 3.47 + 0.86 799 + 95.7 
Thiopental 3.41 + 0.84 899 + 98.1 
Discussion 


Previous investigations have examined the effect of 
pentobarbital, the oxybarbiturate counterpart of the 
thiobarbiturate, thiopental, on cardiac SR Ca** up- 
take. At concentrations significantly higher than 
those at which the negative inotropic effects of pen- 
tobarbital have been observed, Lain et al. (3) found a 
depression of Ca** uptake. They noted a 10% de- 
crease in Ca** uptake ability at 0.6 mM pentobarbital, 
a concentration at which other investigators have 
reported a 30-40% decrease in contractile activity. No 
statistical analysis was performed by Lain et al. (3) on 
their data, but the standard error of the measurement 
overlapped the value for the nonpentobarbital- 
treated SR. In our studies we have examined the 
effect of thiopental on Ca** uptake over the thio- 
pental concentration range in which Frankle and 
Poole-Wilson had noted a dose-dependent depres- 
sion of contractile function in a rabbit septal prepara- 
tion (1). At 5 mM ATP, the approximate intracellular 
ATP concentration, there is essentially no effect of 
thiopental on Ca** uptake over a broad thiopental 
range. Similarly, over a broad range of ATP concen- 
trations, thiopental has no apparent physiologically 
significant effect on Ca** uptake. 

Komai and Rusy (7) examined the effect of thio- 
pental on the physiologic response of isolated rabbit 
papillary muscles. They found that thiopental: 1) 
decreased steady state contractions in a dose- 
dependent manner; 2) decreased the positive stair- 
case; 3) decreased the force of potentiated contrac- 
tions relative to control; and 4) increased the length 
of the period required for maximizing potentiated 
state contractions. They concluded from these obser- 
vations that thiopental had two major effects on the 
contractile process: The first was to inhibit Ca** 
influx via the sarcolemma, and the second was to 
decrease the rate of movement of Ca** within 
the sarcoplasmic reticulum from uptake sites to re- 
lease sites. They also concluded that thiopental had 
little effect on the total Ca** available within the 
sarcoplasmic reticulum. Our data, which reflect one 
aspect of SR function, the uptake process, support 
the findings of Komai and Rusy. Thiopental, at 
concentrations known to depress contractile activity, 
has essentially no effect on cardiac sarcoplasmic 
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reticulum Ca** uptake. The effect of thiopental on 
other sites of Ca** flux, such as the entry of Ca?* 
through sarcolemmal, voltage-dependent Ca** chan- 
nels needs to be examined to verify previous physi- 
ologic experiments. 
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Is Milrinone Equivalent to Amrinone during Enflurane Anesthesia 


in the Dog? 


Virve H. M. Makela, mp, and Patricia A. Kapur, Mp 


MAKELA VHM, KAPUR PA. Is milrinone equivalent to 
amrinone during enflurane anesthesia in the dog? Anesth 
Analg 1988;67:349-55. 


Dose~response curves for milrinone during 2.1~2.3% end- 
tidal enflurane anesthesia were studied in six dogs given 
three successive boluses and 30-minute infusions of milri- 
none: 1) 40 pglkg plus 3 yg-kg~?-min™? (plasma level at 5 
and 30 minutes after beginning of infusion: 122 + 14 and 
136 + 14 ng/ml); 2) 60 ugikg plus 6 wg-kg~?-min* (285 
+ 31 and 304 + 19 ng/ml); 3) 80 pglke plus 12 
pg-kg ` 7-min™™ (498 + 32 and 581 + 28 ng/ml), demon- 
strating a progressive improvement of cardiac performance. 
Differences between milrinone and amrinone were also 
studied during enflurane anesthesia in six other dogs given 
milrinone cr amrinone at 3- to 4-week intervals using both 


Milrinone, a methyl carbonitril derivative of amri- 
none, has been shown to improve cardiac perfor- 
mance in isolated animal hearts, and in animal stud- 
ies with normal and failing hearts (1,2). Milrinone 
has also been shown to have favorable effects on 
cardiac performance in patients with congestive heart 
failure during either short- or long-term treatment 
and even during exercise in these patients (3-5). 
Milrinone, 15 to 30 times more potent than amrinone, 
is suitable both for intravenous use, as well as for 
long-term oral therapy with fewer side effects than 
amrinone (4,6). Approval is currently pending for 
clinical use of both formulations of milrinone in the 
United States. 

In previous studies amrinone 1) improved cardiac 
performance in a dose-related fashion during inhala- 
tion anesthesia and, 2) was of therapeutic value for 
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a low dose that did not decrease mean arterial pressure 
significantly and a dose that decreased mean arterial pres- 
sure 20-25% below baseline values. There was a dose- 
related effect with both drugs on the measured hemodynamic 
variables. Plasma catecholamine levels did not change 
significantly in either group. The results of our studies 
show that during enflurane anesthesia 1) there is a corre- 
lation between milrinone plasma levels and improvement of 
cardiac performance and, 2) milrinone, at low and high 
doses studied without or with a significant decrease in mean 
arterial pressure, respectively, is similar to amrinone in its 
activity to imprcve cardiac performance by similar positive 
inotropic, chronotropic, and vasodilating effects. 


Key Words: ANESTHETICS, voLarite—enflurane. 
HEART, CONTRACTILITY—milrinone, amrinone. 
PHARMACOLOG Y—nmilrinone, amrinone. 


the ‘reversal of untoward effects of potent cardiode- 
pressant drugs such as verapamil and propranolol, 
even in the presence of inhalation anesthetics (7-9). 
With higher doses of amrinone prominent findings in 
these studies were decreases in blood pressure and 
systemic vascular resistance associated with im- 
proved cardiac performance. Milrinone may supplant 
amrinone because unlike amrinone, after successful 
intravenous therapy with milrinone, patients can 
then be maintained on oral therapy. There are, how- 
ever, no comparisons of milrinone and amrinone in 
the presence of anesthetics. 

The purposes of the present study were 1) to 
establish a dose-response relation for milrinone dur- 
ing enflurane anesthesia and, 2) to determine if 
milrinone has cardiovascular effects different from 
those associated with amrinone during 2.1-2.2% end- 
tidal enflurane anesthesia when two different doses 
of milrinone or amrinone were administered: a low 
dose of milrinone or amrinone with no significant 
change in blood pressure and a high dose of milri- 
none or amrinone with a significant decrease in blood 
pressure. 
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Methods 


The experimental protocol was approved by the Insti- 
tutional Animal Research Committee. The animals 
were cared for in accordance with the American Asso- 
ciation for Accreditation of Laboratory Animal Care. 
All dogs were anesthetized with 2.1-2.3% end- 
tidal enflurane in 40% oxygen in air via a chronic 
tracheostomy and were mechanically ventilated 
(Harvard Apparatus Company model 623), to main- 
tain Paco, within normal limits as determined by 
serial arterial blood gas measurements every 30 min- 
utes during each experiment (Instrumentation Labo- 
ratories Analyzer model 813). NaHCO, was adminis- 
tered as needed to maintain pH within normal limits. 
NaCl 0.9%, approximately 10 ml-kg~*-hr7*, was in- 
fused intravenously to maintain adequate hydration 
and urine output. Temperature was maintained be- 
tween 38 and 39°C with a warming blanket and a 
heating lamp. End-tidal concentrations of enflurane, 
CO,, and O, were continuously measured by mass 
spectrometry (Perkin-Elmer model MGA 1100). An 
arterial catheter was placed in a femoral artery for 
direct measurements of blood pressure and for blood 
sampling. A pulmonary artery catheter was passed 
via an external jugular vein for measurements of both 
right atrial, mean pulmonary artery, and pulmonary 
capillary wedge (PCWP) pressures and cardiac out- 
put (CO), the latter in triplicate by thermodilution 
(Edwards Laboratory Cardiac Output Computer 
model 9520). A micromanometer-tipped catheter 
(Millar Instruments, Inc. model PC 350) was placed 
retrogradely in the left ventricle (LV) via a femoral 
artery, for direct LV pressure measurements and 
electronic derivation of LV dP/dt. The maximum LV 
dP/dt (LV dP/dtmax) was taken as the peak positive 
deflection of the LV dP/dt trace. Limb lead II of the 
ECG, heart rate (HR), arterial blood pressure, central 
venous pressure (CVP), pulmonary arterial pressure, 
LV pressure, and LV dP/dt were continuously re- 
corded on a Hewlett-Packard polygraph model 
7758A. In addition, the ECG was intermittently re- 
corded at fast paper speed (100 mm/sec) for measure- 
ment of PR intervals. Systemic and pulmonary vas- 
cular resistances and cardiac, stroke volume, and 
stroke work indexes were calculated (SVR, PVR, CI, 
SVI, and SWI). The blood samples were analyzed for 
plasma concentrations of epinephrine (EPI), norepi- 
nephrine (NEPI), amrinone, and milrinone by high- 
performance liquid chromatography (10-12). 


Muilrinone 


The dose-related effects of milrinone were studied in 
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Figure 1. Experimental protocol for comparative part of the study. 
M or A, milrinone or amrinone administration. M: low dose = 30 
agikg plus 3 ug-kg`'-min™?, high dose = 60 ug/kg plus 6 
ug'kg`t-min™! or higher (see text). A: low dose = 2 mg/kg plus 30 
ug-kg~'-min7', high dose = 4 mg/kg plus 100 ug-kg™)-min™' or 
higher (see text). E, enflurane; B; and B,, baseline 1 and baseline 2 
(see text); Rag and Rg», recovery, 30 and 60 minutes after cessation 
of drug infusions. 


six conditioned mongrel dogs of either sex, weighing 
19 + 1 kg (mean + sem). After instrumentation the 
dogs were allowed to stabilize with 2.2-2.3% end-tidal 
enflurane for 60 minutes. Baseline measurements and 
blood samples were then taken, after which each dog 
received the following successive loading doses (over 
5 minutes) and 30-minute infusions of milrinone: M,, 
40 ug/kg plus 3 wg-kg~’-min™’; Mp, 60 ug/kg plus 6 
ug-ke~'-min™'; and M3, 80 ug/kg plus 12 ug-ke'. 
min~*. The cardiovascular measurements and blood 
samples were repeated 5, 25, and 30 minutes after 
beginning each 30-minute milrinone infusion and at 
recovery, 30 and 60 minutes after cessation of the 
milrinone infusion. 


Efficacy of Milrinone and Amrinone 


The experiments to compare the efficacy of milrinone 
with amrinone were done in six other conditioned 
mongrel dogs given milrinone and amrinone (M and 
A groups). At 3- to 4-week intervals, each of the two 
experiments were carried out in these dogs of either 
sex, weighing 18 + 1 kg (mean + sEm). After 60 
minutes of stabilization with 2.1-2.2% end-tidal en- 
flurane, baseline (B,) measurements were made and 
blood samples drawn (Fig. 1). Each experiment then 
consisted of two parts. 

I. A low dose of milrinone or amrinone was first 
administered for 30 minutes at a fixed rate, as de- 
termined in this and previous studies (7,8) to in- 
vestigate drug-related cardiovascular changes not 
associated with a significant decrease in blood pres- 
sure (decrease in MAP <6% below B,). The loading 
doses and infusion rates were: milrinone 30 pg/kg 
over 5 minutes followed by 3 ug-kg™*-min™’; and 
amrinone 2 mg/kg over 5 minutes followed by 30 
ug-keg !.min~?. The loading dose of milrinone in this 
study was slightly less than the lowest one in the 
first part of the present study of the dose-related 
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effects of milrinone to keep any change in MAP 
under the limit desired in this part of the protocol. 
Measurements and blood samples were repeated 25 
and 30 minutes after starting each drug administra- 
tion. 

II. High doses of milrinone or amrinone were then 
given at a rate that decreased the value of MAP 
20-25% below B,. The drugs were given as follows: 
for milrinone a second loading dose (60 ng/kg) was 
given over 5 minutes and the infusion rate was 
initially increased to 6 wg-kg~'-min™'. The infusion 
rate was further increased by 2 ug-kg~'-min™! every 
15 minutes until the desired decrease in MAP was 
reached. The same procedure was followed for amri- 
none with a second loading dose of 4 mg/kg, an initial 
increase in infusion rate to 100 yg-kg™’-min™', and 
infusion increments of 50 pg-kg™*-min™’. When 
the desired 20-25% decreases in MAP were achieved 
and had remained stable for 15 minutes for milri- 
none and amrinone, the hemodynamic measure- 
ments and blood samples were taken again serving 
as a second baseline (B.) for the high dose of milri- 
none and amrinone. The infusion rate of each drug 
was then kept unchanged for a 30-minute period, 
and hemodynamic measurements and blood sam- 
ples were repeated 25 and 30 minutes after the 
beginning of this period. After these measurements 
the drug infusion was discontinued, and the mea- 
surements again repeated at recovery, 30 and 60 
minutes after cessation of the milrinone or amrinone 
infusion. 

In both studies, milrinone and amrinone were 
freshly prepared the day of the experiment. The 
milrinone solvent, the same as that used for amri- 
none, has been shown previously to have no statis- 
tically significant effect on hemodynamic parameters 
in a similar model in this laboratory (7,8). 

Blood samples for measurements of serum levels 
of sodium, potassium, calcium, chloride, glucose, 
and hematocrit were taken three times during each 
experiment: at baseline (B or B,) for each studies; at 
the end of the M, infusion in the dose-response study 
or at the second baseline (B.) in the comparative 
study; and when final cardiovascular measurements 
were made in both studies. 

Statistical analysis was done by using analysis of 
variance for repeated measures for intragroup differ- 
ences, and nonpaired t-tests in the comparative 
study. Bonferroni modified t-tests were used when 
analysis of variance for repeated measures indicated a 
significant difference. A P value of <0.05 was consid- 
ered statistically significant. 
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Results 
The Milrinone Dose-Response Study 


In the milrinone dose-response study there were no 
significant differences in hemodynamic function 
among the 5-, 25-, and 30-minute values of each of 
the three different 30-minute milrinone administra- 
tion periods, except for CVP, which was lower at 25 
minutes than that at 30 minutes during the M, 
infusion. The enflurane end-tidal concentrations 
(2.2-2.3%) were stable over time in all dogs. The 
milrinone plasma levels were stable during each of 
the three different milrinone infusions, except dur- 
ing Ms, when the milrinone plasma level was sig- 
nificantly greater at 25 and 30 minutes than at 5 
minutes. The hemodynamic values and catechola- - 
mine and milrinone plasma levels are shown in 
Table 1. 

The M, infusion, resulting in milrinone plasma 
levels of 122 + 14 to 136 + 14 ng/ml (5- and 30-minute 
values), increased LV dP/dt mnax and CI above baseline 
values and decreased PCWP, CVP, SVR, MAP, and 
PR interval below baseline values. However, at 5 
minutes of M, the changes in MAP and PR interval 
were not yet statistically significant, and SWI and SVI 


were temporarily increased above baseline values. 


The M, infusion, resulting in milrinone plasma levels 
of 285 + 31 to 304 + 19 ng/ml, further increased LV 
dP/dt,.., and further decreased PCWP and, in addi- 
tion, increased HR above baseline values. The M, 
infusion, resulting in milrinone plasma levels of 498 
+ 32 to 581 + 28 ng/ml, further increased LV 
dP/dtmax In addition, M, also increased SVI above 
baseline values. There were significant increases in 
CI, LV dP/dt,,,,, and HR with decreases in PR inter- 
val and MAP with lower SVR when the values of M, 
were compared to those of M,. Thirty and 60 minutes 
after discontinuation of the milrinone infusions, with 
plasma levels of 255 + 23 ng/ml and 161 + 9 ng/ml, 
respectively, LV dP/dt,,,, and CI remained increased, 
whereas CVP, PCWP, MAP, and SVR were below 
baseline values. At 30 minutes of recovery, HR was 
still increased and PR interval shortened, but at 60 
minutes HR was no longer different from baseline 
value, although PR interval remained shortened. At 
30 and 60 minutes of recovery, milrinone plasma 
levels were similar to the levels associated with 
30-minute ad-ninistration of M, and M4, respectively. 
The differences in the hemodynamic values when the 
30-minute values of M, were compared to the 60- 
minute values of recovery, were not significant, nor 
were they significant when the 30-minute values of 
M, were compared with the 30-minute values during 
recovery. 
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Table 1. Cardiovascular Values and Catecholamine and Milrinone Plasma Levels for Three Infusion Rates of Milrinone 


Baseline Milrinone 
M,:40 pg/kg + 3 wg-kg7!-min7? M,:60 pg/kg + 6 
5 min 30 min 5 min 
HR (beats/min) 123 + 5* RNE 135 +5 151 + 6t 
PR (msec) 11445 107 + 6 I0- 5t 96 + 4t 
MAP (mm Hg) 97 + 6 89 + 6 83 + 5t 76 + 5t 
CVP (mm Hg) 3.1 + 0.4 2.1 + 0.4t 1.8 + 0.4t 1.8 + 0.4} 
PCWP (mm Hg) 76 £05 4.9 + 0.4t 4.5 + 0.5¢ 3.5 + 0.4+ 
LV dP/dt (mm Hg/sec) 1713 + 109 3079 + 172+ 3033 + 169+ 3713 + 163t 
CI (L-min7}.m7?) 4.3+0.4 5.9 + 0.9+ 5.6 + 0.8t 6.1 + 0.9+ 
SVI (ml/m?’) 35 +2 47 + 6+ 41+5 40 +5 
SWI (g-m-m~?) 4142 53 + 6+ 4243 38 + 3 
SVR (dynes-sec-cm~°) 2359 + 331 1685 + 312+ 1669 + 310t 1447 + 307+ 
PVR (dynes-sec-cm~5) 159 + 13 154 + 16 154 + 21 167 + 25 
EPI (pg/ml) 73 = 22 101 + 21 105 + 25 109 + 31 
NEPI (pg/ml) 73 + 16 60 + 12 76 + 17 67 + 12 
Milrinone (ng/ml) 122 + 14 136 + 14 285 + 31 





*Mean + SEM; n = 6 for each group. 


tP < 0.05 when compared with baseline value (30-minutes values for Mi, Mz, Ms). 
§P < 0.05 when M, was compared with M,, Ma with Mo, R39 min With Ms, and Rego min With Rao min (80-minute values for M}, Mz, and M3). 


{P < 0.05 when M, was compared with M, (30-minute values). 


Differences between Milrinone and Amrinone 


During the experiments to evaluate the differences 
between milrinone and amrinone the end-tidal en- 
flurane concentrations (2.1-2.2%) remained stable 
over time in both groups with no significant differ- 
ences between the two groups. There were no differ- 
ences in any variable at the time of baseline (B,) 
measurements among groups M and A or among the 
25- and 30-minute mean values for any variable in 
any group for any of the measurement periods, 
indicating a relatively stable condition at the time of 
the measurements. Thus the 30-minute values were 
used for statistical comparisons (Table 2). 

The hemodynamic values, catecholamine levels, 
and plasma milrinone and amrinone levels for the M 
and A groups at B, before the low dose, at B, after 
achievement of the high dose, and at 30 minutes of 
the low and high doses as well as the 30- and 
60-minute values of recovery are shown in Table 2. At 
30 minutes with low doses of milrinone and amri- 
none the values of MAP were not significantly dif- 
ferent from the corresponding B, values. The high 
doses of milrinone or amrinone decreased MAP by 
19% and 24%, respectively, at B) compared to corre- 
sponding MAP values at B,. The decreases in MAP 
were equivalent with both drugs and remained stable 
during the subsequent 30-minute drug infusion pe- 
riod. 


Low doses of milrinone or amrinone. With both milri- 
none and amrinone, LV dP/dt,,,, and SWI increased; 
CVP, PCWP, and SVR decreased; PR interval short- 


ened and, in addition, Cl, SVI, and HR increased 
above baseline levels in the M group. Milrinone and 
amrinone plasma levels at the end of this period were 
141 + 15 ng/ml and 2.8 + 0.2 ug/ml, respectively. 


High doses of milrinone or amrinone. When B, mea- 
surements were made with both milrinone and am- 
rinone, after titration to a 19-24% decrease in MAP, 
LV dP/dt,,a., and HR had increased further, and 
PCWP had decreased further compared with levels 
seen with the low-dose infusion. Amrinone also 
further decreased SVR, further increased Cl, and 
further shortened PR interval. After 30 minutes of the 
continued high-dose infusion these changes per- 
sisted except that PVR decreased below the original 
baseline level (B,) in the A group. The maximum 
infusion rate required for milrinone was 8 
pe-ke~1.min™ in two of six dogs, 10 ng-kg™*-min™ 
in two of six, and 12 wg-kg~*-min~’ in the remaining 
two dogs. The maximum infusion rate of amrinone 
was 100 ugkg`tmin™’ in two of six dogs, 150 
pg-kg~'-min™* in two of six, and 200 and 250 
ug-ke~*.min™* in the remaining two dogs. The 
plasma levels during the high-dose period (B, and 30 
minutes) were 480 + 37 and 537 + 45 ng/ml for 
milrinone, and 12.8 + 1.4 and 14.4 + 2.1 ug/ml for 
amrinone. 

Thirty minutes after cessation of the milrinone or 
amrinone infusions, LV dP/dt,,,,, Cl, SVL and HR 
remained elevated, PR interval remained shortened, 
CVP and PCWP were still below B} levels in both 
groups and, in addition, SWI remained higher in the 
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pg Table 1 (continued) 
infusion Recovery 
gkg 'min™t M,:80 ug'kg + 12 gkg“ tmin”? 
30 min 5 min 30 min 30 min 60 min 
149 + 8t 163 + 7t 161 + 74,4 146 + 7t 137 + 8 
94 + 4t 92 + 3t 91 + 3tt 97 + 3t 99 + 7t 
74 + 4t 65 + 2+ 71 + 3t,t 77 + 4t 83 + 6t 
1.5 + 0.4¢ 1.3 + 0.4t 1.4 + 0.5t 1.1 + 0.3ł 1.3 + 0.3t 
3.2 + 0.3t,§ 3.5 + 0.3t 3.6 + 0.3t 3.5 + 0.5t 3.7 = 0.07 
3688 + 172t,§ 4333 + 214+ 4267 + 149t,ł,§ 3513 + 195 +,§ 3229 + 196+ 
g 5.9 + 0.9t 6.5 + 1.1t 6.8 + 1.0t,ł} 5.8 + 1.0ł 5.4 + 0.8t 
39 +5 39 + 6 42 + 6t 40 + 6 40 + 6 
37 23 33 + 4 38 + 4 Le ae oie 42 +6 
1430 + 272+ 1178 + 223+ 1185 + 220t,t 1542 + 289+ 1732 + 300T 
148 + 20 141 + 27 123 + 18 130 2:25 149 + 26 
97 + 29 113 + 32 141 + 54 115 + 47 88 + 37 
89 + 17 97 + 20 108 + 20 102 27 88 + 22 
304 + 19§ 498 + 32 581 + 28f,§ 255 + 23§ 161 + 9§ 
M group while PVR remained lower in the A group sia (7,8). The present study indicates that milrinone, 
compared to B,. At this time MAP had returned to in an appropriate dose, has equivalent properties 
values comparable to B} in dogs given milrinone but including the propensity to elevate cardiac index 
remained below B, in dogs given amrinone. Plasma without decreasing blood pressure. 

a levels of milrinone and amrinone at this point were Bipyridines , milrinone and amrinone, inhibit car- 
224 + 23 ng/ml and 10.7 + 1.4 ug/ml, respectively. At diac phosphodiesterase, the enzyme responsible for 
60 minutes of recovery these changes were still the degradation of cyclic AMP. Increased intracellular 
present, except that SVI and SVR in the M group cyclic AMP levels result in increased calcium influx 
returned toward B, values. In the A group, MAP which appears to bea major mediator of the ultimate 
increased above the 30-minute recovery value but, physiologic actions of the bipyridines. By this mech- 
with decreased SVR, was still below the B, level. anism of action they could partly counteract the 
Milrinone and amrinone plasma levels at this point effects of inhalation anesthetics. The latter have been 
were 138 + 17 ng/ml and 9.3 + 1.4 ug/ml, respec- shown to cause a dose-dependent cardiac depression 
tively. (13) by altering intracellular calcium homeostasis or 

: by interfering with slow calcium channel function 

Intergroup comparisons. These showed that the M (14-16). 
and A groups were similar at the time of the mea- The plasma levels of milrinone obtained in first 
surements, except that at 30 minutes of the low dose, part of this study correspond to low therapeutic, 
LV dP/dtmax was lower in the A group than in the M therapeutic, and high therapeutic levels in humans. 

h- group, and at 60 minutes of recovery, LV dP/dtmax Baim et al. (3) reported that in patients with conges- 

was higher in the A group than in the M group. tive heart failure (NYHA Class III and IV) favorable 
In both studies, EPI and NEPI plasma levels were effects were obtained at plasma levels of approxi- 
variable with no significant differences within or mately 200 ng/ml. They reported an increase in CI 
between groups. Values for serum sodium, potas- and LV dP/dt of 53 and 28%, respectively, and a 35% 
sium, calcium, chloride, glucose, hematocrit, and decrease in SVR associated with a decrease in filling 
arterial blood gases remained within normal limits pressures and a slight fall in arterial pressure at 
throughout the studies in all dogs. No arrhythmias or plasma levels of approximately 400 ng/ml in their 
other evidence of toxicity of the drugs used were patients during short-term intravenous therapy (3). 
observed. During treatment, however, the plasma levels may 
vary significantly depending on differences in renal 

and hepatic perfusion in patients with congestive 

Di heart failure. In the present study in healthy dogs, 

wns 18Cussion 


It has previously been shown that amrinone can 
improve the depressant effects of enflurane anesthe- 


milrinone plasma levels of approximately 130 ng/ml 
improved cardiac performance without an increase in 
HR, and plasma levels of approximately 300 and 540 
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Table 2. Cardiovascular Values in the Milrinone (M) and Amrinone (A) Groups 


High dose 


30 min 


30 min 


MAKELA AND KAPUR 


Recovery 


60 min 


ht tt tte en ip gg pp 


HR (beats/min) 
M 
A 

PR (msec) 
M 
A 

MAP (mm Hg) 
M 
A 

CVP (mm Hg) 
M 
A 

PCWP (mm Hg) 


LV dP/dt (mm Heg/sec) 


(g-m-m~’) 
(dyr:es-sec-cm~°) 
PVR (dynes-sec-cm7°) 
EPI (pg/ml) 
NEPI (pg/ml) 

M 

A 
Drug levels 


M (ng/ml) 
A (ug/ml) 


Low dose 
B, 30 min By 
105 + 5* 119 + 3t 133 + 5t,t 
103 + 4 113 +3 133 4 St,t 
118 + 8 98 + 4t 93 + 4+ 
128 +5 106 + 5+ 90 + 3t,t 
81 +3 77 + 4 67 + Stet 
86 + 3 81+ 2 67 + 2+, 
4+] 2 + lt 1 + 1ł 
42+] AAT 1l+1t 
8+1 6+ lt 4+ It 
71 51t 3 + 1t} 
1450 + 22 2738 + 120+ 3308 + 1781, 
1392 + 97 2283 + 148t,§ 3429 + 156t,t 
3.7+0.3 5.8 + 0.5+ 6.0 + 0.5} 
3.7+0.5 5.0 + 0.5 6.4 + 0.6t,t 
36 +3 49 + 3+ 45 + 3t 
3644 4444 48 + 4+ 
35 + 3 47 + 4t 39 + 3t 
38 +5 46 + 5+ 42 +3 
2248 + 157 1412 + 144+ 1206 + 116+ 
2480 + 232 1716 + 128+ 1112 + 101+, 
161 +9 129 + 9ł 149 + 15 
187 + 19 166 + 7 158 + 13 
74 + 40 54 + 21 42 + 13 
159 + 104 114 + 62 115 + 67 
122 + 88 89 + 58 69 + 42 
35 + 7 38 + 6 43 + 11 
141 + 15 480 + 37+,f 
2.8 + 0.2 12.8 + 1.4t,ł 


*Mean + SEM; n = 6 for each group. 
tP < 9.05 compared with B, for that same group. 

tP < 0.05 compared with previous value for that same group. 
§P < 0.05 compared with the M group at the same time. 


ng/ml even further improved hemodynamic values 
with an increasing chronotropic effect. Mean arterial 
pressure decreased along with a decrease in SVR 
during all three infusion periods. After cessation of 
drug infusion, both MAP and SVR gradually in- 
creased but still remained below baseline values. The 
reduction in SVR, by decreasing systolic myocardial 
wall stress, may offset the increase in myocardial 
oxygen consumption that might be caused by in- 
creased contractility and heart rate. Monrad et al. 
(17,18) showed in patients with congestive heart 
failure that milrinone caused no change in myocardial 


136 + 4+ 
138 + 3+ 


3542 + 164+ 
3608 + 193+ 


6.1 + 0.7+ 
7.1 + 0.8+ 


1118 + 147+ 


991 + 103+ 


150 + 17 
148 + 12+ 


70 + 33 
98 + 56 


64 + 25 
54 + 10 


537 + 45+ 


14.4 + 2.1t 


123 + 4t,t 
127 + 5t,t 


3027 + 150t,+ 


3392 + 165t 


5.5 + 0.5} 
6.0 + 0.7+ 


45 + 3t 
47 +: 4+ 


47 + 5t,t 
44+ 5 


1548 + 91t 
1307 + 141+ 


143 + 16 
154 + 12+ 


36 + 10 
64 + 38 


56 + 20 
5I + 12 


224 + 23+,t 
10.7 + 1.4t,} 


116 + 5t 
119 + 6t 


96 + 4t 
98 + 6t,t 


2667 + 153t 
3317 + 147+,§ 


4.9 + 0.3t 
5.7 & 0.7t 


42 t2 
47 + St 


47 + 3t 
47 + 4t 


1877 + 145 
1570 + 268+ 


151 + 14 
162 + 7 


137 + 17+ 
9.3 + 1.4+ 


oxygen consumption and had a direct vasodilator 
action on the coronary circulation. A slight decrease 
in myocardial oxygen consumption has been shown 
in patients with congestive heart failure treated with 
amrinone (19,20). 

The peak positive left ventricular dP/dt is, with 
cautious interpretation, commonly used for determi- 
nation of myocardial contractility (21,22). Wallace et 
al. (21) showed in an anesthetized, areflexic canine 
model that an increase of left ventricular end diastolic 
pressure to 11 from 5 cm H,O increased LV dP/dt max 
to 3500 from 2200 mm Hg¢/sec and that an increase in 
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HR to 188 from 120 beats/min (50% increase) in- 
creased LV dP/dt,,,, to 2680 from 2050 mm H¢e/sec. In 
the present study the increase in LV dP/dt,,,, most 
likely indicated an increase in contractility because it 
was associated with changes in LV filling pressure in 
the opposite direction with low and high doses of 
milrinone or amrinone, the increments in HR being 
only approximately 10%. 

In part I of the comparative protocol in the present 
study, improvements in cardiac performance were 
seen in both the M and A groups without a significant 
decrease in blood pressure. In the second part of the 
comparative protocol, further improvements in car- 
diac performance were seen at higher plasma levels 
of milrinone and amrinone associated with equal 
decreases in blood pressure, the improvements in 
cardiac performance being similar with milrinone and 
amrinone during 2.1-2.2% enflurane anesthesia. The 
half-lives of these drugs after intravenous adminis- 
tration in healthy volunteers and in patients with 
congestive heart failure are 0.8 vs 2.3 hours (milri- 
none) and 2.6 vs 5.8 hours (amrinone), respectively 
(23), which accounts for the persistent salutary effects 
of both agents up to at least 1 hour after the end of the 
infusions in the present study. 

The results of the present study show, first, that 
there is a correlation between milrinone plasma levels 
and improvement of cardiac performance in en- 
flurane-anesthetized healthy dogs with progressive 
positive inotropic, chronotropic, and vasodilatory ef- 
fects without significant changes in plasma catechol- 
amine levels. Second, as with amrinone, improve- 
ments in cardiac performance with milrinone were 
associated with decreases in blood pressure during 
inhalation anesthesia. Third, the hemodynamic ef- 
fects of milrinone and amrinone during 2.1-2.2% 
end-tidal enflurane anesthesia (approximately 1 MAC 
in dogs) at low and high doses resulting in no 
reduction or in approximately 20% reduction of mean 
arterial pressure, respectively, are similar in their 
ability to improve cardiac performance by similar 
positive inotropic, chronotropic, and vasodilating ef- 
fects. 


We thank Sterling-Winthrop Research Laboratories, Rensselaer, 
NY, for supplying milrinone and amrinone; Owen Buchea and 
Thomas Patin for technical assistance; and Tony Law and Mer- 
cedes Tecson for performing the plasma assays. 
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Skin Pulse Wave Monitoring during Lumbar Epidural and 


opinal Anesthesia 
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MEIJER J, de LANGE JJ, ROS HH. Skin pulse wave 
monitoring during lumbar epidural and spinal anesthesia. 
Anesth Analg 1988;67:356~9. 


The effectiveness of pulse wave monitoring of the big toes 
was compared with loss of cold discrimination to determine 
the onset of nerve blockade during lumbar epidural and 
spinal anesthesia. Forty-seven patients scheduled for elec- 
tive urologic or lower extremity operations were assigned to 
one of three groups. Group 1 (15 patients) received epidural 
mepivacaine 1.5% with epinephrine; group 2 (12 patients), 


Early clinical signs of the onset of epidural or spinal 
anesthesia include venodilation and increased skin 
temperature caused by blockade of preganglionic 
sympathetic B-fibers (1,2). These are followed by loss 
of pinprick sensation and cold discrimination (i.e., 
perception) reflecting Aé and C-fiber blockade (2). 
Before these signs, however, pedal warmth may be 
experienced by the patient as early as 30 seconds after 
lumbar subarachnoid injection of a local anesthetic. 
This has been ascribed to brief stimulation of nerve 
fibers involved in transmitting the sensation of 
warmth (3). 

Testing temperature or pinprick discrimination is 
commonly used to determine the onset of regional 
anesthesia. However, these methods may give poor 
information in heavily sedated patients or where 
communication is difficult. 

Many methods have been used to measure 
changes in skin blood flow and temperature second- 
ary to sympathetic blockade. These include electronic 
skin temperature measurement, laser Doppler flow- 
metry (4), infrared thermography (5,6), and skin 
conductance response (7). Although all of these have 
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epidural bupivacaine 0.5%, and group 3 (20 patients), 
spinal bupivacaine 0.5%. In the epidural groups, the mean 
time to onset of increases in pulse wave amplitude was less 
than half the mean time to onset of decrease in cold discrim- 
ination (P < 0.05). In patients given spinal anesthesia, there 
was no significant difference. The pulse wave monitor seems 
to be a sensitive and objective detector of early anesthetic 
effect during spinal and epidural anesthesia. 


Key Words: ANESTHETIC TECHNIQUES— 
epidural, spinal. 


been used during spinal anesthesia, these methods 
are often not practical in daily clinical practice, be- 
cause they are too complicated or need strictly con- 
trolled environmental conditions. 

Pulse wave monitoring or plethysmography has 
proven to be useful in visualizing changes in skin 
blood flow due to sympathetic blockade (8,9). The 
pulse wave monitor is a noninvasive device and can 
be applied easily and rapidly. We investigated the 
effectiveness of pulse wave monitoring in determin- 
ing the onset of nerve blockade during lumbar spinal 
and epidural anesthesia in relation to decreases in 
cold perception. 


Methods 


The study protocol was approved by the ethical 
committee of our institution, and all patients gave 
informed verbal consent. 

Three groups of patients were studied: group 1, 
epidural mepivacaine 1.5% with epinephrine 
1:200,000; group 2, epidural bupivacaine 0.5%; and 
group 3, spinal bupivacaine 0.5%. Demographics of 
the groups are given in Table 1. 

The choice of lumbar anesthetic technique and 
agent used depended on the type and expected 
duration of surgery and age of the patient. The types 
of operations were urologic and orthopedic proce- 
dures of the lower limbs as well as peripheral vascu- 


PULSE WAVE MONITORING AND NERVE BLOCKADE 


Table 1. Patient Demographics 


Group 1 Group 2 Group 3 
Technique Epidural Epidurai Spinal 
Local anesthetic Mepivacaine Bupivacaine Bupivacaine 
No. of patients* 15 (13) 12 (6) 20 (16) 
Age (years) 39.0 £15.71 53.0 + 17.6 57.3 + 17.5 
(19—68) (27-82) (37-83) 
Height (cm) 179.9 + 8.1 174.0 + 10.2 172.0 + 7.9 
(160-190) (157-191; (158-184) 
Weight (kg) 78.0 121 ALESIS 7092129 
(54-100) (60-93) (50-102) 
Puncture site L3 + 0.5 L3 + 0.9 L3 + 0.8 
(L3-L4) (L2-L5) (L2~L5) 
Volume injected (ml) 18.9 + 3.5 15.1 + 2.9 3.5 + 0.4 
(12-24) (10-20) (3.0-4.0) 


*Number of males in parentheses. 
tValues are means + sp, with range in parentheses. 


lar surgery. Excluded were patients with known 
contraindications to spinal or epidural anesthesia. For 
premedication, diazepam 5-10 mg was given orally 2 
hours before the procedure. 

On arrival of the patient in the induction room, 
blood pressure and pulse rate were measured, the 
ECG was monitored, and an IV infusion of 500 ml 
lactated Ringer's solution was started. In groups 1 
and 2, epidural puncture was performed in the lateral 
decubitus position using the loss-of-resistance tech- 
nique with normal saline in a smoothly running 
syringe of glass, attached to a 16-gauge Tuohy nee- 
dle. An epidural catheter was advanced by 3-4 cm 
into the epidural space. After catheter fixation, the 
patient was placed in the supine position. Pulse wave 
monitors (Datascope, reflection method) were ap- 
plied to the plantar surface of both big toes, using a 
Velcro band cuff. The signals were visualized on two 
Datascope P870 monitors and continuously registra- 
ted on a Gould four-channel recorder, at a speed of 25 
mm/min. 

After obtaining a baseline recording, a test dose of 
the local anesthetic was injected through the catheter. 
After 3 minutes, the remainder of the dose, calculated 
for age in milliliters per segment (10), was given. 
After completing the injection, a small ice bag was 
lightly applied to the skin of both legs every 30 
seconds in the dermatome corresponding to the 
puncture site. The patient was asked if there was any 
difference in cold sensation compared tc the ipsilat- 
eral arm. Positive results were marked on the re- 
corder paper. Sensory blockade was determined us- 
ing the pinprick method. Recording of the pulse 
waves was continued until anesthesia was complete 
in the entire lower extremity. 

Both the envelop curve of the pulse wave in the 
baseline recording and the envelop curve of the 
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increasing part are approximated by straight lines. 
The intersection of these lines is taken as the onset of 
the increase. 

Differences in times in minutes between comple- 
tion of injection and increase in the curves of the 
pulse waves and the times after which a decrease in 
cold perception occurred were determined from the 
recorder paper. 

In group 3 spinal anesthesia was performed after 
the pulse wave monitors were attached to the big 
toes. The recording was made in the same way as 
described above and continued until satisfactory an- 
esthesia was obtained. Spinal puncture was always 
performed in the sitting position, with the legs 
straight out forward on the table. A 22-gauge spinal 
needle was used and advanced until a free flow of 
spinal fluid was obtained. A volume of 3-4 ml iso- 
baric bupivacaine 0.5% was then injected, and the 
patient was placed in the horizontal position after 2-3 
minutes (11). 

After puncture, pinprick sensation and cold per- 
ception were measured, and the results recorded as a 
function of time. 

Pulse wave recordings and cold sensitivity tests 
were always compared on the same side. Because the 
measured and calculated times fit in a normal distri- 
bution (Wilk-Shapiro test), the Student’s f-test for 
paired observations was applied. In evaluating the 
significance of differences between the times at which 
the pulse waves increased and the cold perception 
decreased, P values <0.05 were considered to repre- 
sent statistical significance. 


Results 


An example of a recording is shown in Figure 1. In 
Table 2 the mean times of onset of increases in pulse 
wave amplitude and decrements in cold perception, 
with standard deviations and ranges, are given for 
the three groups. Pinprick sensitivity was always still 
intact when a decrease in cold sensation was first 
noticed. 

In groups 1 and 2, the mean time to onset of 
increases in pulse waves was less than half the mean 
time that the cold perception decreased (P < 0.05). 
Increases in the pulse wave amplitude always pre- 
ceded decreases in cold perception in all patients. 
There was no significant difference in times and onset 
of loss of cold perception and increases in pulse wave 
amplitude in group 3. 

Pulse wave increments and decrements in cold 
perception, with two exceptions, were always fol- 
lowed by development of levels of surgical anesthesia 
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i 
i 
i 
Figure 1. Example of a pulse wave recording, | ; 
made at a speed of 25 mm/min, during and after | sai 
epidural injection of 1.5% mepivacaine with epi- i | 5 
nephrine. Volumes injected are given between the {L3 °.: 3m] 
recordings made in the left (L) and right (R) big toe. | E 
L3; lumbar puncture level; (arrows) onset of de- È 
crease in cold perception by the patient. : fo A 
; R di tjd 
Tiia 
Table 2. Results of the Three Groups 
Time after Injection (min) 
Left Right. 
- Decrease Decrease 
Increase Cold Increase Cold 
Group Pulse Wave Sensitivity Pulse Wave Sensitivity 
1 23417 4.7 + 1.9 27219 5.4 + 2.2 
(0.8-5.2) (1.9-8.8) (0.8-5.6) (1.9-9.0) 
P < 0.05 P < 0.05 
2 3.0 + 2.6 586426 2842.5 §.5:2 3.1 
(0.4-8.7) (2.0-9.9) (0.6-8.7) (2.0-13.1) 
P < 0.05 P < 0.05 
3 2.2 + 1.4 2:0 E13 2.516 2.6 + 1.6 
(0.5-6.1) (0.5-6.6) (0.5-6.1) (0.5-6.6) 
P = NSt P= NS 


*Values are means + sp, with range in parentheses. 
tNot significant, 


adequate for urologic or lower extremity operations. 
In two patients, one in group 2 and one in group 3, 
there was a failure of regional anesthesia and general 
anesthesia was needed. In an additional patient in 
group 2 with adult-onset diabetes, cold discrimina- 
tion decreased without any increase in the pulse 
wave amplitude, although operative anesthesia was 
satisfactory. 

In patients in whom an asymmetrical increase in 
pulse waves was observed, the time at which cold 
perception decreased behaved in the same way. This 
is also illustrated in Figure 1. In some patients the 
level of sensory blockade that eventually developed 
was higher on the same side as that i in which the 
pulse wave increased first. 


Discussion 


The pulse wave monitor detects changes in light 
absorption due to alterations in skin capillary filling 
and transduces them electronically to a curve on a 
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monitor screen. Changes in distensibility of the vas- 
cular wall and in intravascular pulse pressure cause 
alterations in blood volume pulsations in the skin and 
so in the amplitude of the pulse wave. This periph- 
eral arteriolar (and venular) wall distensibility is gov- 
erned by the sympathetic nerve system, which con- 
trols smooth muscle fiber tone (12). 

The skin of fingers, toes, and ear lobe is, in 
contrast to skeletal muscle, richly supplied with 
arteriovenous shunts; these do not exhibit basal tone 
and are almost exclusively under sympathetic con- 
trol. These locations are most suitable for detection of 
amplitude changes of the pulse wave (9). 

In our study only groups 2 and 3 can be compared 
with each other. Group 1 contained many young 
patients having ankle or knee operations, whereas in 
groups 2 and 3, the patients were older and were 
having urological or peripheral vascular operations. 
For orthopedic procedures, we prefer mepivacaine 
with epinephrine to bupivacaine; because we believe 
in superior ‘analgesia with mepivacaine when low 
lumbar and sacral segments are to be blocked (13). 

In groups 1 and 2, our findings show increases in 
onset of pulse wave amplitudes occurred more than 
twice as rapidly as did decreases in cold discrimina- 
tion. The increase in the pulse wave is thus an early 
as well as an objective sign of local anesthestic effect 
at the puncture site and reflects a decrease of B-fiber 
activity. Cold discrimination requires patient cooper- 
ation and is more subjective. 

In one case, regional anesthesia was preceded by a 
decrease in cold sensitivity only. This patient, who 
had mature onset diabetes for years, may have de- 
veloped a polyneuropathy and a partial sympathec- 
tomy. Peripheral nerve disease may be a limiting 
factor for pulse wave monitoring of local anesthetic 
effects. On the other hand, all our patients with 
arteriosclerotic disease did show increases in the 
pulse waves, perhaps because pulse wave monitor- 
ing takes place primarily at the level of cutaneous 
capillaries. 


PULSE WAVE MONITORING AND NERVE BLOCKADE 


In group 3 there was no significant difference 
between the mean times to changes in pulse wave 
amplitude and loss of cold discrimination. The pa- 
tients in this group were sitting for the first few 
minutes, after having been lying down. This imme- 
diately causes a strong, general sympathetic reflex 
(14), possibly counteracting the start of sympathetic 
B-fiber blockade. Supine again, a sudden increase in 
the pulse waves always took place. As expected, 
spinal bupivacaine resulted in a more rapid onset of 
loss of cold perception than did epidural bupivacaine. 
On the other hand, the increase in pulse waves in the 
epidural group took place almost as rapidly as the 
increase in the spinal group. A recent study (15) 
demonstrated that sympathetic blockade during spi- 
nal anesthesia was less pronounced than with epi- 
dural anesthesia. The dilution of the small amount of 
local anesthetic injected in the spinal fluid may be an 
explanation. The larger mass of epidurally applied 
local anesthetic may cause relative early onset of 
B-fiber blockade. 

In groups 1 and 2, the mean times in which the 
pulse waves increased after epidural mepivacaine 
with epinephrine did not differ significant from those 
after epidural bupivacaine. Because of its physio- 
chemical properties, we expected a slower onset of 
beginning of nerve fiber blockade by bupivacaine. We 
assume that the difference in age between these 
groups is compensated by the larger volume of local 
anesthetic used in the younger group 1. However, a 
statistical comparison between groups 1 and 2 could 
not be done. 

In a, previous study in which the pulse wave 
monitor was used for evaluation of chemical sympa- 
thectomy, changes in the pulse wave curve were 
found 3 to 5 minutes after block (9). Many of: our 
results with spinal and epidural anesthesia are in the 
same range. : 

Obviously, we used the type of pulse wave mon- 
itor that was sensitive enough to detect increases in 
skin blood flow of the toes resulting from beginning 
B-fiber blockade during spinal or epidural anesthesia. 
We observed more rapid onset of increases in skin 
blood flow resulting from sympathetic blockade than 
decreases in cold and pinprick sensitivity during 
epidural anesthesia. This suggests that preganglionic 
B-fibers were blocked earlier than A6é and C-fibers. 

Recent studies (5,7) reported that during spinal 
anesthesia the extent of sympathetic blockade was 
less than the extent of analgesia, leading to the 
conclusion that preganglionic B-fibers are more resis- 
tant to local anesthetics than are A-fibers. This is in 
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contradiction to our findings with epidural anesthe- 
sia. 
In contrast, other investigators found a zone of 
differential sympathetic blockade six or severi spinal 
segments cephalad to the level of analgesia during 
spinal anesthesia (1,6). This agrees with our observa- 
tion of easier blockade of sympathetic nerve fibers. 
We conclude that during epidural anesthesia the 
pulse wave monitor is a simple, noninvasive, fast, 
and objective detector of early effects of the injected 
local anesthetic. The presence of peripheral nerve 
disease may limit its value. We also found evidence 
that, in vivo, the preganglionic sympathetic B-fibers 
may be more sensitive to epidurally injected mepiva- 
caine and bupivacaine than are Aé and C-fibers. 
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The concentration of cyanide, a toxic metabolite of sodium 
nitroprusside, in solutions other than 5% dextrose in 
water, has not been reported. In this study, cyanide ion 
levels were measured by a cyanide ion-specific electrode in 
250 ml of six different intravenous solutions (5% dextrose 
in water, 10% dextrose in water, distilled water, 0.9% 
sodium chloride, and lactated Ringer's solution with and 
without 5% dextrose) exposed to 300 foot candles of 
fluorescent light for 72 hours after sodium nitroprusside 
was dissolved in each solution. The rates of the increase in 
cyanide ion concentration in all six solutions were fairly 
constant between 4 and 24 hours. At 24 hours, there were 


The package insert for sodium nitroprusside states 
that sodium nitroprusside is only to be used as an 
infusion with 5% dextrose in water. Reasons for 
using only 5% dextrose in water are not mentioned in 
the package insert. A saline solution was used to mix 
sodium nitroprusside by Vesey et al. (1) in England, 
who mentioned neither the reasons nor the problems 
associated with using a saline solution. 

Cyanide ion is released from sodium nitroprusside 
in vitro and in vivo. The cyanide ion concentration 
does not change over 72 hours in light-protected 5% 
dextrose in water solution (2). However, the concen- 
tration of cyanide ions released from sodium nitro- 
prusside dissolved in other intravenous solutions has 
not been reported. The present study was performed 
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no statistically significant differences in cyanide ion con- 
centration among the six solutions. After 24 hours, the rate 
of the increase in cyanide ton concentration in the electrolyte 
solutions decreased more than that in the nonelectrolyte 
solutions. At 72 hours, the electrolyte-containing solutions 
had statistically significant lower mean cyanide ion concen- 
trations than 5% dextrose, often the recommended diluent 
for sodium nitroprusside. There was no difference in mean 
cyanide ion concentration between lactated Ringer's solu- 
tion with and without 5% dextrose. Solutions containing 
electrolytes are preferable to 5% dextrose for the dilution of 
sodium nitroprusside. 


Key Words: ANESTHETIC TECHNIQUES, 
HYPOTENSIVE—nitroprusside. PHARMACOLOGY— 
nitroprusside. 


to measure the cyanide ion concentration in various 
intravenous solutions in which sodium nitroprusside 
was dissolved. 


Methods 


Twenty-five milligrams of sodium nitroprusside pow- 
der was dissolved in 250 ml of each of the six different 
solutions in polyvinyl chloride bags. The solutions 
tested were: 1) 5% dextrose in water, 2) 10% dextrose 
in water, 3) distilled water, 4) 0.9% sodium chloride, 
and 5) lactated Ringer’s with and without 5% dex- 
trose. Five bags of each solution were exposed to 300 
foot candles of fluorescent lamp throughout the 72- 
hour experiments without aluminum foil wrapping. 

The cyanide ion concentration was measured di- 
rectly by the cyanide ion-specific electrode (Orion 
Research Inc., Cambridge, MA) utilizing a model 
94-06 pH meter. The sensitivity of the electrode is 
0.026 to 260 ppm. The correlation coefficient was 
—0.998 when the electrode potentials of the cyanide 
electrode were measured in the solution containing 
0.1 to 50 ppm of known cyanide ion (2). Measure- 


SODIUM NITROPRUSSIDE AND IV SOLUTIONS 


Table 1. Comparison of Cyanide Concentrations in Six Solutions across a 72-Hour Period* 


Time 
(hr) D5Wt D10Wł 
4 X 0.160 0.190 
sD 0.004 0.018 
8 X 0.287 0.304 
SD 0.095 0.125 
24 X 3.66 2.08 
sD 1.07 0.52 
48 X 6.06 4.09 
sD 0.41 0.19 
72 X 9.124 7.36} 
sD 2.25 1.08 
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DWt NSt LRt LR/D5Wł 
0.130 0.113 0.179 0.177 
0.016 0.008 0.016 0.010 
0.337 0.313 0.429 0.225 
0.033 0.016 0.100 0.067 
2.47 2.08 1.85 1:17 
0.24 0.32 0.26 0.12 
5,35 3.56 1.49 1.06 
0.18 0.48 0.05 0.61 
7.47} 4.574,§ 1.91§ 2.08§ 
0.27 0.28 0.22 0.19 


*CN™ concentration (ppm) is expressed as mean (X and standard deviation (sp). 
tAbbreviations: DSW, 5% dextrose in water; D10W, 10% dextrose in water; DW, distilled water; NS, 0.9% sodium chloride; LR, lactated Ringer's; LR/D5W, 


lactated Ringer’s with 5% dextrose in water. 


Statistically significant difference when compared with same solution at 24 h. 
§Statistically significant difference when compared with D5W at same time period. 


ments were performed at 4, 8, 24, 48, and 72 hours 
after the sodium nitroprusside was dissolved in the 
solution. Sodium nitroprusside-containing solutions 
were stored and the measurements were performed 
at room temperature. 

Both the absolute concentration and rate of change 
of cyanide ion concentration in six solutions were 
examined. Initially, mean cyanide ion concentrations 
were plotted against time on a semilogarithmic graph 
to assess the major times of change in cyanide ion 
concentration as well as to determine the rates of 
change in each solution. 

Following the graphical analyses, a two-factor re- 
peated measures analysis of variance (ANOVA) was 
employed to determine if there were statistically 
significant differences in mean cyanide ion concen- 
trations in the various solutions or in the rate of 
change with time at 24 and 72 hours. These times 
represent when the rates of cyanide ion production 
change. Tukey’s method of multiple comparison tests 
are used to make these post hoc pairwise compari- 
sons: 1) cyanide ion concentration in 5% dextrose in 
water versus each of the other solutions at 24 and 72 
hours, 2) cyanide ion concentration in normal saline 
versus lactated Ringer’s with and without 5% dex- 
trose in water at 24 and 72 hours, and, 3) cyanide ion 
concentration differences at 24 and 72 hours for each 
solution. A P value <0.05 is considered statistically 
significant. 


Results 


The ANOVA results confirmed the existence of a 
statistically significant (P < 0.001) effect of solution 
type, time, and the interaction of time and solution 
type (i.e., different rates of cyanide ion release among 


solutions). The Tukey comparisons indicated that 1) 
none of the solutions had statistically different means 
at 24 hours, lactated Ringer’s, with and without 5% 
dextrose in water and normal saline had statistically 
lower mean cyanide ion concentrations than 5% 
dextrose in water at 72 hours; 2) lactated Ringer’s 
with and without 5% dextrose in water did not have 
statistically lower mean cyanide ion concentrations 
than normal saline either at 24 or at 72 hours and, 3) 
distilled water, 5% dextrose in water, 10% dextrose in 
water, and normal saline had statistically higher 
levels of cyanide ion concentrations at 72 hours than 
at 24 hours (Table 1). 


Discussion 


The decomposition of sodium nitroprusside in an 
aqueous solution is complex and varies depending on 
many factors. One of the factors influencing the 
cyanide ion release from sodium nitroprusside is the 
intensity and the wave length of the light source. 
Previous experimental results in our laboratory indi- 
cate that cyanide ion concentration does not change 
significantly over 72 hours in the light-protected 5% 
dextrose in water solutions either exposed to light or 
stored in a dark room (2). In the present experiment, 
to examine how the magnitude of cyanide ion release 
from sodium nitroprusside differs in different solu- 
tions, the sodium nitroprusside-containing solutions 
were exposed to light without any type of protection. 

Distilled water, not a suitable intravenous solu- 
tion, was included in the study for comparison with 
other solutions. The solutions tested have different 
pH, osmolarity, and electrolyte content. Cyanide ion 
concentrations were statistically lower in the electro- 
lyte-containing solutions at 72 hours than in the 
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nonelectrolyte solutions. It is probable, although not 
substantiated in this experiment, that ions in the 
electrolyte-containing solutions form a barrier around 
nitroprusside and thus reduce degradation, and/or 
that the cations in the solutions combined with cya- 
nide ion, effecting a lower free cyanide ion concen- 
tration in the electrolyte solutions as opposed to 
those in the nonelectrolyte solutions. 

After 48 hours the cyanide ion concentration is 
greater in normal saline than in lactated Ringer’s. 
Lactated Ringer’s contains K* and Ca** in addition to 
Na*, the only cation in normal saline. Potassium 
and/or Ca** ions might have a higher affinity to 
cyanide ion than Na”. The difference in cyanide ion 
concentration observed between normal saline and 
lactated Ringer’s solutions might be due to differ- 
ences in the electrolytes in the solution. 

There was no difference in mean cyanide ion 
concentration between lactated Ringer's and lactated 
Ringer’s in 5% dextrose in water. We assume that 
dextrose and/or osmolarity had little effect on releas- 
ing or conjugating with cyanide ions. 

Callan found that tests of stability of sodium nitro- 
prusside performed at the Abbott Laboratories in 
normal saline, 5% dextrose in water, 5% dextrose in 
0.45% sodium chloride, and 5% dextrose in 0.225% 
sodium chloride indicated that sodium nitroprusside 
remained physically and chemically stable in solution 
for at least 24 hours if properly protected from light 
(Callan CM, Director, Medical Affairs Hospital Prod- 
ucts Division, Abbott Laboratories, personal commu- 
nication). She also found that 1) the use of sodium 
chloride as the diluent for sodium nitroprusside (Ni- 
tropress) is not listed in the Abbott Laboratories 
package enclosure because it could create problems 
for a patient with restricted sodium intake and, 2) the 
choice of diluents for use with sodium nitroprusside 
is primarily a medical issue rather than a stability 
concern (personal communication, CM Callan; see 
earlier). 

In patients, cyanide ion concentration ranged from 
189 to 210 ug/100 ml (1.91 to 2.13 ppm) in erythro- 
cytes and from 2.53 to 3.09 wg/100 ml (0.025 to 0.031 
ppm) in plasma in the presence of clinically evident 
tachyphylaxis during sodium nitroprusside infusion 
(3), and 0.5 mg% (5.06 ppm) in autopsy blood from 
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cyanide poisoning (4). The fatal plasma cyanide ion 
concentration appears to be between 10 and 20 
pmol/L (0.101 to 0.202 ppm) (5). Currently, it is 
recommended that sodium nitroprusside solutions 
not be used after 24 hours even if properly protected 
from light. In the study, cyanide ion concentrations 
ranged from 1.17 ppm in lactated Ringer’s in 5% 
dextrose in water to 3.66 ppm in 5% dextrose in water 
at 24 hours when the sodium nitroprusside solutions 
were exposed to light (300 foot-candles). The cyanide 
ion concentration was only 0.530 ppm at 24 hours 
when sodium nitroprusside solutions were protected 
from light (2). Considering the infusion volume of 
sodium nitroprusside-containing solutions and dilu- 
tion by circulating blood volume after infusion, in 
vitro cyanide ion concentration in the diluent solution 
will probably not play a major role in cyanide toxicity. 

On the basis of the present in vitro study and a 
previously reported study of sodium nitroprusside 
stability (6), we conclude that solutions containing 
electrolytes are preferable to 5% dextrose in water for 
the dilution of sodium nitroprusside, especially when 
dextrose infusion is not medically desirable. We also 
emphasize that sodium nitroprusside-containing so- 
lutions should be as fresh as possible and protected 
from light. 
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Orthotopic liver transplantation (OLT) often involves large 
blood loss and replacement, as well as administration of 
large amounts of blood products to correct coagulation 
defects. Renal free water excretion is often impaired in 
end-stage liver disease and not responsive to routine di- 
uretic therapy, predisposing these patients to accumulation 
of extravascular lung water. The effects of the intraoperative 
use of continuous arteriovenous hemofiltration (CAVH) on 


Patients undergoing orthotopic liver transplantation 
(OLT) often have multisystem diseases involving 
nearly every organ system, and their intraoperative 
` management remains a difficult challenge for anes- 
thesiologists (1). Operations of long duration, often 
coupled with massive blood loss and an ongoing 
coagulopathy, require administration of large vol- 
umes of blood, blood products, and other fluids (2). It 
is well known that even previously healthy patients 
who experience acute massive surgical trauma and 
hemorrhage have a tendency to develop an expanded 
interstitial fluid compartment, including both “third 
space losses” at the site of surgical trauma as well as 
increases in peripheral and pulmonary interstitial 
fluid. Low serum oncotic pressures, elevated circu- 
lating aldosterone and antidiuretic hormone levels, 
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cardiopulmonary and oxygen transport variables were stud- 
ied in ten patients during and 24 hours after OLT. CAVH 
prevented increases in pulmonary shunt fraction while 
decreasing PEEP and Fio, requirements. Pulmonary com- 
pliance was significantly higher after operation in patients 
receiving CAVH. Before surgical dissection, hemodynamic 
effects of CAVH were minimal. Postoperatively, patients 
having CAVH had lower cardiac filling pressures and more 
normal systemic vascular resistance than did patients not 
having CAVH. These data suggest that CAVH may be a 
useful intraoperative technique for patients with impaired 
renal function undergoing liver transplantation. 


Key Words: LIVER—transplantation. ANESTHETIC 
TECHNIQUES—liver transplantation. 


and high portal and systemic venous pressures in 
patients with end-stage hepatic disease enhance the 
risks of developing pulmonary interstitial and even 
alveolar edema in these settings. Furthermore, many 
patients with end-stage liver disease have a reduced 
capacity to excrete free water because of abnormal 
renal function, ranging from mild degrees of impair- 
ment to severe hepatorenal syndrome (3). The use of 
packed red cells instead of whole blood, transfusion 
of blood products such as fresh frozen plasma, cryo- 
precipitate, and platelets only when specifically indi- 
cated by coagulation testing, and limiting crystalloid 
use to only maintain electrolyte, acid—base, and blood 
glucose homeostasis all help to minimize extra fluid 
delivered to the patient undergoing liver transplan- 
tation. Early intraoperative application of positive 
end-expiratory pressure (PEEP) may be necessary to 
improve pulmonary gas exchange in these patients. 
The use of low-dose dopamine (1-4 yg-kg™'-min7’) 
and diuretics may augment fluid removal if adequate 
renal function exists. However, many patients under- 
going liver transplantation have impaired renal func- 
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tion and do not respond adequately to these methods 
of diuresis. 

Other methods of fluid removal in these patients 
include hemodialysis and peritoneal dialysis. Ab- 
dominal surgery makes peritoneal dialysis impossible 
during the intraoperative period and contraindicates 
its use postoperatively. Hemodialysis is not always 
feasible in the critically ill patient, because hypoten- 
sion and vascular instability can occur and preclude 
fluid removal. In addition, marked fluctuations in 
serum pH, oxygen tensions, and electrolyte levels 
can occur and may not be well tolerated by unstable 
patients. The addition of anesthesia and major blood 
loss in an already critically ill patient precludes the 
use of hemodialysis techniques intraoperatively. 

A new technique, continuous arteriovenous hemo- 
filtration (CAVH) has recently been employed for 
treatment of fluid excess in situations in which nei- 
ther hemodialysis nor peritoneal dialysis are possible 
(4). CAVH is simple to use and does not require 
complicated equipment or specially trained person- 
nel. CAVH is an extracorporeal technique in which 
fluid, electrolytes, and small- to medium-sized mole- 
cules (MW <50,000 daltons) are removed from the 
patients by ultrafiltration. A small filter with a highly 
water-permeable membrane and modified hemodial- 
ysis blood lines are used but without the need for 
special access to the patient except for arterial and 
venous catheters. Large fluctuations in plasma elec- 
trolyte levels are not seen with CAVH, because all 
substances that cross the membrane have the same 
concentration in the hemofiltrate and plasma. The 
patient’s own arterial-to-venous pressure gradient 
moves the blood through the extracorporeal circuit. 
CAVH offers the advantage of minimizing hemody- 
namic changes and has been shown to be useful in 
critically ill patients with hemodynamic instability (5). 
There have been no reports of the intraoperative use 
of CAVH. Because of the above considerations, we 
evaluated the use of intraoperative CAVH and its 
effects on cardiopulmonary dynamics intraopera- 
tively and postoperatively in patients undergoing 
orthotopic liver transplantation. 


Methods 


Ten consecutive adult patients (age 17-57 years) 
undergoing orthotopic liver transplantation gave in- 
stitutionally approved, informed consent. Five pa- 
tients were selected to receive intraoperative CAVH 
because of poor renal function (creatinine clearance 
<45 ml/min). Anesthetic management was standard- 
ized as follows. After insertion of peripheral venous 
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and radial artery catheters, patients were preoxyge- 
nated for 3 minutes with 100% oxygen by mask. A 
rapid induction sequence using etomidate 0.3 mg/kg, 
fentanyl 100-200 ug, succinylcholine 1.5 mg/kg, and 
cricoid pressure preceded oral endotracheal intuba- 
tion. Anesthesia was maintained with isoflurane 
(0.25-2.0% end-tidal concentration) in O,/air with 
supplemental doses of fentanyl as needed; neuro- 
muscular blockade was maintained with vecuronium. 
Fro, was adjusted throughout the procedure as dic- 
tated by arterial oxygen saturation except during 
initial recirculation of the donor liver (portocaval 
anastomoses) when Fio, was 1.0 until completion of 
the hepatic revascularization (hepatic artery). Positive 
end-expiratory pressure (PEEP) was applied as 
needed to maintain adequate arterial oxygen satura- 
tion at a nontoxic Fro,. After induction of anesthesia, 
an oximetric/thermodilution pulmonary artery cathe- 
ter was inserted and additional large-bore venous 
catheters were placed. Other monitors included a 
bladder temperature probe, pulse oximetry, and 
mass spectrometry as well as hourly urine output. 
Mixed venous (pulmonary arterial) blood samples 
were obtained to measure gas tensions and thus 
calibrate and verify accuracy of continuous mixed 
venous oximetry readings. A femoral arterial catheter 
(10-gauge) and a subclavian or internal jugular vein 
catheter (8.5F) were then placed and both cannulas 
attached to the inlet and outlet ports of the hemofilter 
using shortened hemodialysis blood lines previously 
flushed with heparinized saline. No other heparin 
was added to the system at any other time. The total 
amount of heparin that the patients were exposed to 
was 4-6 mg depending on the length of tubing used 
to connect the CAVH apparatus to the patient. The 
extracorporeal system (Fig. 1) consists of a small 
hollow fiber filter with a polysulfone membrane 
(model D305, Amicon Corp., Lexington, MA). A side 
arm ultrafiltrate port drains to a graduated collection 
bag for measurement of ultrafiltrate volumes. The 
rate of ultrafiltrate formation is determined not only 
by hemofilter characteristics and the arterial-venous 
pressure gradient (and flow), but also can be regu- 
lated by changing the vertical distance between the 
collection bag and hemofilters (siphon effect) as well 
as by using variable partial occlusion of the ultrafil- 
trate line leading from the hemofilter to the collection 
bag. 

Mixed venous oxygen saturations as well as arte- 
rial blood gas tensions were measured simulta- 
neously with hemodynamic evaluations 20 minutes 
after insertion of monitoring lines and surgical inci- 
sion but before institution of CAVH. These data were 
used to derive cardiac index (CI), systemic vascular 
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Figure 1. Continuous arteriovenous hemofiltration system for in- 
traoperative use. 1, venous access; 2, venous line; 3, outlet sam- 
pling port; 4, hemofilter (Amicon D305); 5, inlet sampling (and 
pressure monitoring) port; 6, arterial line; 7, arterial access; 8, 
ultrafiltrate line; 9, ultrafiltrate collection bag (see text for details). 


> oo 
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resistance index (SVRI), and pulmonary vascular re- 
sistance index (PVRI) using standard formulas. Oxy- 
gen saturation, blood levels of carboxyhemoglobin 
and methemoglobin, as well as hemoglobin levels 
were measured with an oximeter (model 282, Instru- 
mentation Laboratories, Lexington, MA). Oxygen 
extraction ratio [C(a-v)O,/CaO,.], arterial-venous ox- 
ygen content difference [C(a-v)O,], alveolar—arterial 
oxygen tension difference [P(A-a)O], and pulmonary 
right-to-left shunt fractions (Q s/d corrected for 
methemoglobin and carboxyhemoglobin (6) were cal- 
culated by standard formulas. 

CAVH was then instituted and all of the above 
measurements were repeated at the following times 
in all patients: 5 minutes before inferior vena caval 
clamping (preanhepatic); 30 minutes after vena caval 
clamping (anhepatic); 30 minutes after reestablish- 
ment of vena caval flow (recirculation); 10 minutes 
before skin closure (end of case); and 24 hours post- 
operatively. All patients had femoral and portal vein 
to axillary vein bypass performed before caval clamp- 
ing. 

Intraoperative fluid therapy consisted of packed 
red cell and “cell saver” blood replacement, fresh 
frozen plasma, cryoprecipitate, and platelet infu- 
sions. Packed red cell therapy was guided by hemo- 
globin levels and hemodynamic data. All blood was 
administered through 20-um filters. Blood compo- 
nent therapy was guided by thrombelastography (7) 
as well as routine coagulation laboratory testing (PT, 
PTT, fibrinogen, and platelet counts). Crystalloid 
solutions were administered to supply Ca**, HCO, , 
and glucose. Postoperative intensive care procedures 
did not differ from well-established regimens. Cumu- 
lative volumes of fluid and blood products as well as 
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urine and ultrafiltrate volumes were noted at the 
above-measured times. Body weight was noted pre- 
operatively, as well as on the first postoperative day. 
CAVH was continued into the postoperative period 
for variable periods depending on the clinical needs 
of the patient. 

Data measured at repeated times in the same 
subject were analyzed for statistical significance of 
changes using a two-way analysis of variance with 
repeated measures in one variable. Post hoc tests 
were performed when appropriate using the Tukey-a 
method. Creatinine clearance, duration of surgery, 24 
hour weight change, and cumulative fluid input/ 
output were analyzed using the Student’s t-test 
(pooled variance). The use of diuretics and renal dose 
dopamine was analyzed using Fisher’s exact test. P < 
0.05 was considered statistically significant. 


Results 


All patients were adults with end-stage hepatic fail- 
ure and were classified as ASA physical status IVE. 
Four patients receiving CAVH had chronic active 
hepatitis and one had cryptogenic cirrhosis. The 
non-CAVH group comprised three patients with 
chronic active hepatitis, one with primary biliary 
cirrhosis and one with end-stage liver disease due to 
hemochromatosis. The average duration of anesthe- 
sia and surgery did not differ significantly between 
patients receiving and those not receiving CAVH 
(18.7 + 2.3 vs 18.4 + 2.7 hours, respectively). Patients 
were selected to receive CAVH on the basis of poor 
preoperative renal function (creatinine clearance 36.5 
+ 7.5 vs 56.3 = 9.6 ml/min, P = 0.05). There was no 
significant difference in preoperative diuretic use 
between the two groups (two of five without CAVH, 
zero of five with CAVH). Both groups displayed a 
statistically similar baseline hyperdynamic circulatory 
pattern typical of end-stage liver disease: high CI, 
elevated filling pressures, and low SVRI (Table 1). 
Peripheral oxygen extraction was reduced in both 
groups as reflected by low C(a-v)O, and O, extraction 
ratios. The groups did not have baseline differences 
in P(A-a)O, or Q sp! Qe. 

Hemodynamic and oxygen utilization effects of 
CAVH are summarized in Table 1. The progressive 
decline in CI in both groups was initially associated 
with interruption of inferior vena caval flow (albeit 
partially compensated by veno-veno-bypass, see ear- 
lier) and later with establishment of perfusion to the 
donor liver. SVRI increased gradually after the liver 
was replaced, perhaps due to closure of abnormal 
arteriovenous channels as well as a decrease in circu- 
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Table 1. Hemodynamic and Oxygen Utilization Effects of CAVH during Liver Transplantation 
Induction Dissection Anhepatic 

No CAVH CAVH No CAVH CAVH No CAVH 
HR (beats/min) 87 + 6* 88 + 8 89 + 4 88 + 11 91+ 8 
PCWP (mm Hg) 14+ 4 17 +6 16 + 2 17 + 6 14+ 3 
RAP (mm Hg) 13 + 4 14+4 144+ 4 424 10+ 1 
PAP (mm Hg) 24+ 3 26 £5 2441 25:25 22,2 
MAP (mm Hg) 81 + 10 92.5 78 £9 91 + 6 83+ 9 
CI (L-min7?-m7~4) 4.9 + 1.0 .3.2 £ 0.3 4.9 + 0.7 5.2 + 0.3 44+ 0.8 
SVRI (dynes-sec-cm~°-m~?) 1120 + 120 1193 + 138 1045 + 129 1192 + 131 1339 + 212 
PVRI (dynes-seccm "m"? 157 + 52 136 + 40 133 + 56 136 + 32 139 + 87 
C(a-v)O, (ml/dl) 2.95 + 0.32 2.88 + 18 2.94 + 0.24 2.94 + 0.22 3.02 + 0.47 
O, extraction ratio (%) 21.1 + 4.0 20.8 + 0.6 18.4 + 1.4 20:38 213 19 + 3.6 


*Values are means + SD. 
tP < 0.05 compared to no CAVH. 
Abtreviations: HR, heart rate; PCWP, pulmonary capillary wedge pressure; 


RAP, right atrial pressure; PAP, pulmonary arterial pressure; MAP, mean 


arterial pressure; CI, cardiac index; SVRI, systemic vascular resistance index; PVRI, pulmonary vascular resistance index.; C{a-v)O2, arterial-venous oxygen 


content difference.. 


lating humoral mediators of the hyperdynamic state. 
The increase in SVRI was statistically greater at the 
end of operation and 24 hours postoperatively in 
patients receiving CAVH. Elevated pulmonary artery 
pressures, combined with massive transfusions, re- 
sulted in significant elevation of RA pressure after 
revascularization of the liver in the patients without 
CAVH. Patients who received CAVH had signifi- 
cantly lower RAP and PCWP after recirculation, at 
the end of surgery and 24 hours postoperatively. The 
C(a-v)O, and O, extraction ratios were significantly 
increased after transplantation in patients receiving 
CAVH, indicating increased oxygen utilization by 
varicus body tissues. 

The significantly lower cardiac filling pressures 
after recirculation in the patients receiving CAVH 
were accompanied by improved oxygen diffusion in 
the lung as reflected by a significantly decreased 
(P(A-a)O, and Qs Q, as well as lower Fro, and PEEP 
requirements compared to patients not having CAVH 
(Table 2 and Fig. 2). In addition, lung—thorax compli- 
ance was better at end of operation and 24 hours later 
in patients receiving CAVH (Table 2). 

During the operative period, transfusion of blood 
(19.7 + 3.5 vs 21.6 + 8.7 L), blood products (28.9 + 
9.7 vs 30.2 + 14.0 L), and crystalloid (6.4 + 1.6 vs 5.8 
+ 0.9 L) were not significantly different in patients 
without and with CAVH, respectively. Although 
bload loss could not be accurately quantified because 
it was so massive, adequacy and necessity of infu- 
sions used are demonstrated by maintenance of ac- 
ceptable hematologic and electrolyte values in both 
groups (Table 2). Patients receiving CAVH produced 
significantly less urine than did patients not receiving 
CAVH: 32 + 4 ml/hr vs 116 + 11 ml/hr during surgery 
and 29 + 4 mi/hr vs 55 + 5 mi/hr in the first 24 


postoperative hours. The average amount of hemo- 
filtrate removed intraoperatively was 694 + 141 mi/hr 
and 431 + 122 ml/hr during the first 24 postoperative 
hours. Hence, the total free water excretion of pa- 
tients receiving CAVH was significantly greater than 
that in those not receiving CAVH. This removal of 
fluid was associated with a net decrease below pre- 
operative body weight (—4.1 + 2.7 kg) in the patients 
receiving CAVH compared to a net increase (5.8 + 1.5 
kg) without CAVH, a statistically significant differ- 
ence. None of the CAVH patients received intraop- 
erative loop diuretics, but all of the patients without 
CAVH required diuretics intraoperatively, a statisti- 
cally significant difference. The use of low dose 
dopamine for augmentation of urine output was not 
significantly different between groups (four of five 
without CAVH versus three of five with CAVH). 

No complications were associated with the use of 
CAVH except for an inguinal hematoma in one 
patient, probably related to technical errors, coagu- 
lopathy, and arteriosclerotic vascular disease. Al- 
though the CAVH apparatus requires initial priming 
with heparinized saline (10 mg/L), we did not observe 
any significant additional bleeding problems in pa- 
tients receiving CAVH, despite an already impaired 
coagulation system from end-stage liver disease. This 
may be because the amount of heparin is relatively 
small (the CAVH apparatus is minimally thromboge- 
nic as long as continuous flow is maintained) and 
rapidly lost in the massive blood loss and replace- 
ment. 


Discussion 


Acute pulmonary dysfunction after liver transplanta- 
tion is not uncommon when blood losses necessitate 
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Anhepatic Recirculation End of procedure 24 hr Postoperative 
CAVH No CAVH CAVH No CAVH CAVH No CAVH CAVH 
93 +t 13 95 +9 93 + 14 100 + 10 95 £ 15 97 +8 95 = 12 
15 +6 2446 18 + 5t 23 + 4 16 + 3t 20 + 3 16 +3 
14+ 4 LoS 14 + 4t 22% 4 14 + 3t 18 + 2 13.4: 2+ 
2323 33 29 +2 32 t 8 26 + 3 30+ 7 ao 4 
80 + 10 84 + 8 92-16 88 + 4 93 2-17 84 +3 99 + 10 
4.8+ 0.2 4.2 + 0.6 46+0.5 4.2 + 0.5 4.4 + 0.5t 4.4 + 0.4 4.0 + 0.2 
1102 + 156+ 1234 + 46 1370 + 304 1270 + 195 1461 + 256 1203 + 119 1707 + 128+ 
161 + 51 204 + 62 181 + 50 194 + 74 164 + 111 191 + 94 174 + 100 
3.13 + 0,19 3.47 + 0.44 3.68 + 0.45 3.54 + 0.34 4.54 + 0.47+ 3.42 + 0.31 4.55 + 0.35T 
21.1 + 2.6 24 + 2.7 25.1 Æ 3.1 22:0 20 1:9 a2 23.1 t 22.7 + 2.0 31.8 + 1.0ł 


Table 2. Pulmonary and Blood Value Measurements before and after Liver Transplantation 


Induction 

No CAVH CAVH 
P(A-a)O, (mm Hg) 129 +4 137 + 21 
Qep: (%) 11.2 + 0.8 11.8 + 1.6 
PEEP (cm H,O) 0 0 
Compliance (ml/cm H,O0) f t 
Pio 0.5 +0 0.50 
Hemoglobin (g%) 10.5 + 1.6 10.2 + 0.4 
Ca** (mmol/L) 1.05 + 0.07 1.04 + 0.05 
K* (meq/L) 4.0 + 0.6 3.7 + 0.3 
Prothrombin time (%) 24 +17 32 + 28 
Fibrinogen (mg%) 176 + 71 281 + 157+ 
Platelet count (10mm?) 96 + 33 98 + 65 


*Values are means + sD. 
tP < 0.05 compared to no CAVH. 
tNot measured. 


End of procedure 24 hr postoperative 


No CAVH CAVH No CAVH CAVH 
361 + 91 127 + 24+ 327 + 89 122 + 16+ 
24.2 + 5.1 11.4 + 3,1ł 23.0 + 4.9 10.6 + 2.7ł 
12.0 + 3.3 5 + Ot 12.5 + 3.5 4,0 + 2.2+ 
26.7 = 15.3 53.6 + 3.6+ 30.5 + 18.7 52.0 + 2.3+ 
0.7 = 0.14 0.5 + Ot 0.58 + 0.8 0.50 + Ot 
11.5 = 0.4 10.9 + 0.9 10.9 + 0.4 10.8 + 0.5 
1.42 + 0.04 1.36 + 0.11 1.34 + 0.08 1.34 + 0.07 
3.6 + 0.4 3.5 + 0.3 3.8 + 0.2 3.9 + 0.2 
44+ 10 4544 38 + 4 4145 
223 + 39 301 + 38+ 230 + 14 264 + 42ł 
111 + 25 127 + 21 81 + 43 109 + 13 


Abbreviations; CAVH, continuous arteriovenous hemofiltration; P(A-a)O2, alveolar-arterial oxygen tension difference; Q,,/Q,, pulmonary right-to-left 
shunt fraction; PEEP, positive end-expiratory pressure; Fio, fraction of inspired oxygen. 


transfusion of massive amounts of blood and blood 
products. Despite the use of blood filters, such mas- 
sive transfusions may result in embolization of micro- 
aggregates to the pulmonary capillary bed (8,9). In 
addition, impaired cardiac function as well as in- 
creased pulmonary artery pressures and pulmonary 
vascular resistance may occur after recirculation of 
the transplanted liver (1,10). Backward cardiac failure 


may result in volume and pressure overload of the - 


pulmonary venous system and increased pulmonary 
arterial pressures with pulmonary vasoconstriction. 
This can cause microcirculatory defects in the lung 
that may lead to increased capillary permeability (11). 
This abnormality is enhanced by low serum oncotic 
pressure, elevated venous pressures, impaired renal 
free water excretion in patients with end-stage he- 
patic disease, as well as postoperative right hemi- 
diaphragm dysfunction. These factors often result in 
a combination of hydrostatic and nonhydrostatic pul- 
monary edema with resultant right-to-left intrapul- 
monary shunting and the need for extended support- 
ive respiratory care (12). 


In addition, a large spectrum of pathologic pulmo- 
nary conditions are associated with chronic liver 
disease, many resulting in arterial hypoxemia. Patho- 
physiologic pulmonary findings associated with end- 
stage hepatic disease include intrapulmonary, porto- 
pulmonary and pleural shunting, pulmonary 


hypertension, pleural effusions, impaired hypoxic 
vasoconstriction, nonspecific interstitial pneumoni- 


‘tis, low diffusing capacities, and increased closing 
capacity with premature airway closure (12). In view 
of the above, patients undergoing liver transplanta- 
tion are at high risk for pulmonary complications. 
Although common causes of early postoperative mor- 
tality include surgical complications, graft rejection, 
and unsatisfactory grafts, pulmonary complications 
still contribute to considerable morbidity (12). 

By using CAVH intraoperatively we were able to 
reduce right-to-left Q,,/Q,, improve oxygenation, 
and decrease PEEP requirements without adverse 
hemodynamic effects during anesthesia for liver 
transplantation. Reductions in PEEP requirements 
are beneficial, because impairment of venous return 
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Figure 2. Changes in pulmonary shunt fraction and PEEP require- 
ments during liver transplantation. Means + sp. *, P < 0.05 for 
differences between the two groups. A, induction; B, dissection; C, 
anhepatic phase; D, recirculation; E, end of procedure; F, 24 hours 
postoperatively. 


by PEEP may lead to hepatic congestion and reduce 
hepatic blood flow. For comparable transfusion 
needs, patients who received CAVH had significantly 
lower left- and right-sided filling pressures after re- 
circulation and at the end of the procedure compared 
to those who did not receive CAVH. The improve- 
ments in Q,,/Q, and P(A-a)O, as well as lung-thorax 
compliance are most likely due to decreased pulmo- 
nary interstitial edema because of the removal of 
excess free water by CAVH. In addition, CAVH 
increases colloid osmotic pressure (13) and theoreti- 
cally should help draw extravascular water into the 
intravascular spaces, thus reducing extravascular 
lung water. 

In this study, the selection of patients was biased 
against CAVH. Patients with poor renal function 
(i.e., those who received CAVH) have less ability 
than those with better renal function to excrete free 
water loads such as those they are exposed to during 
liver transplantation and thus would be predicted to 
have greater fluid retention, weight gain, and inter- 
stitial edema for comparable blood loss and fluid 
replacement. CAVH allows for excretion of free water 
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in considerable excess of that allowable by more 
normal renal function during liver transplantation, as 
is seen by comparing the total free water excretion in 
those patients who did to those who did not receive 
CAVH. Although CAVH appears to be useful as an 
“auxiliary kidney” in removing free water in patients 
with poor renal function under going liver transplan- 
tation, it must be noted that these results were 
obtained in a series of patients selected to receive or 
not receive CAVH based on preoperative renal sta- 
tus, rather than a randomized, blinded study. 

In summary, CAVH appears to be associated with 
improved respiratory and hemodynamic function 
during and after anesthesia for orthotopic hepatic 
transplantation. We encountered no untoward hemo- 
dynamic responses despite intraoperative removal of 
many liters of fluid. Continuous arteriovenous hemo- 
filtration (CAVH) is a simple technique that can be 
used by the anesthesiologist in the critically ill patient 
with impaired renal function even during the intra- 
operative period when effects of blood loss and 
anesthesia would make other alternatives to fluid 
removal, e.g., hemodialysis, unusable. The ease of 
establishing access to the patient for CAVH and the 
lack of need for special equipment or personnel 
allows rapid institution of this therapy and makes it a 
useful intraoperative technique that can easily be 
extended to the postoperative period. CAVH might 
also be useful in other intraoperative situations in 
which removal of excess fluid would be desirable 
(e.g., cases of massive blood loss and fluid replace- 
ment other than OLT in which pulmonary edema 
develops intraoperatively and conventional methods 
of diuresis are not applicable because of abnormal 
renal function, etc.). These preliminary results with 
intraoperative CAVH are encouraging and suggest 
the need for further clinical investigation. 
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ABOULEISH E, RAWAL N, FALLON K, HERNANDEZ 
D. Combined intrathecal morphine and bupivacaine for 
cesarean section. Anesth Analg 1988;67:370—4. 

The effects of adding 0.2 mg preservative-free morphine 
sulfate in 0.2 ml solution to hyperbaric spinal bupivacaine 
were evaluated in a double-blind randomized prospective 
study of 34 patients undergoing elective repeat cesarean 
section. In the control patients (n = 17), 0.2 ml saline 
instead of morphine was added to bupivacaine. The intra- 
thecal morphine significantly improved intra- and postop- 
erative analgesia, e.g., 82% of patients given morphine 
compared with 41% of the control patients did not require 
analgesic supplementation to the spinal anesthesia during 


Narcotics injected about the spinal cord have been 
used successfully for relief of pain in obstetrics. For 
example, epidural narcotics have been used in com- 
bination with local anesthetics for perioperative anal- 
gesia in cesarean section (1,2). Intrathecal morphine 
has also been used to produce analgesia during the 
first stage of labor (3-5). The addition of morphine to 
hyperbaric spinal bupivacaine would appear ideal for 
perioperative analgesia in cesarean section for the 
following reasons. First, it would be simple to do 
because both drugs would be injected simultaneously 
with one dural puncture. Second, it might be safer 
than epidural morphine if one considers the possibil- 
ity cf subdural or subarachnoid migration of the 
epidural catheter, the latter with the risk of injection 
of dosages adequate to produce respiratory depres- 
sion (6). Third, a single small dose of intrathecal 
morphine may relieve the postoperative pain of a 
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surgery; postoperatively, the former patients did not request 
additional analgesia for 27 + 0.7 hours (mean + sem) 
compared with 2 + 0.3 hours in the control patients. 
Neonatal condition was not adversely affected by this small 
dose of morphine administered 11 + 1 minutes before 
delivery. Combining 0.2 mg morphine with hyperbaric 
spinal bupivacaine for cesarean section is a safe and effective 
method of improving intraoperative pain relief and provid- 
ing adequate prolonged postoperative analgesia. 


Key Words: ANESTHESIA-—obstetric. 
ANESTHESTIC TECHNIQUES, EPIDURAL— 
morphine. 


lower abdominal operation such as a cesarean sec- 
tion. Intrathecal injection of 1 mg morphine carries a 
serious risk of respiratory depression (7) and, in a 
retrospective survey, even 0.3 mg subarachnoid mor- 
phine carries this risk (8); accordingly, we arbitrarily 
chose 0.2 mg morphine sulfate to supplement spinal 
bupivacaine. 

The following double-blind randomized study was 
designed to evaluate the effect of such a small dose of 
morphine added to hyperbaric spinal bupivacaine for 
cesarean section. The intra- and postoperative anal- 
gesia and side effects were evaluated, and respiratory 
function was monitored for 24 hours using pulse 
oximetry. 


Methods 


The study was approved by the Human Protection 
Committees of the University of Texas and Hermann 
Hospital at Houston. The study consisted of 34 full- 
term patients, without maternal or fetal compromise, 
scheduled for elective repeat cesarean sections per- 
formed before the onset of labor at 38 to 40 weeks 
gestation. The patient’s written informed consent 
was obtained before participation. The patients were 


INTRATHECAL MORPHINE AND CESAREAN SECTION 


randomly classified into two groups of 17 each. In the 
study group, 0.2 mg preservative-free morphine sul- 
fate in 0.2 ml solution (Duramorph, A.H. Robins Co.) 
was added to the hyperbaric bupivacaine just before 
the intrathecal injection, whereas in the control group 
0.2 ml saline was added instead. The patient as well 
as the personnel collecting the data and evaluating 
the technique, namely, the anesthesiologist, the neo- 
natologist, and the nurses, were unaware of the 
nature of the injectate. 

The dose of hyperbaric bupivacaine, based on the 
patient’s height (9), was 8.25 mg of 0.75% bupiva- 
caine in 8.25% dextrose for 150 cm of height. The 
dose was increased or decreased by 0.75 mg bupiva- 
caine (0.1 ml) for each 7.5 cm above or below 150 cm. 
No premedication was administered. The spinal an- 
esthetic technique was the same in all patients. Lac- 
tated Ringer's solution 15 ml/kg was infused IV over 
20 minutes before intrathecal injection of the drugs. 
Spinal anesthesia was induced with the patient in the 
right lateral horizontal position. Lumbar puncture 
was performed at the L2-3 interspace using a 26- 
gauge spinal needle. Free flow of clear cerebrospinal 
fluid before and after the injection was obtained. The 
intrathecal injection was completed in 10 seconds. 
Immediately after the injection, the patient was 
gently turned to the supine, horizontal position, 
which was maintained for at least 20 minutes. Left 
uterine displacement was accomplished using an air 
bag (10). 

Intra- and postoperative arterial blood pressure 
and heart rate were monitored noninvasively, the 
former using an automatic oscillotonometric device 
(Dinamap), the latter using a precordial stethoscope, 
ECG, and/or pulse oximeter. Respiration was moni- 
tored by counting the respiratory rate, observing the 
patient’s color, and determining the percentage of 
oxygen saturation of hemoglobin (Sa0,%) using a 
pulse oximeter (Novametrix model 500). Although all 
patients were monitored by pulse oximetry, actual 
strip recording of pulse rate, Sao,%, and the total 
histogram of the collected trends data (Novagraph 
312 by Novametrix) became available during the latter 
part of the study in 17 patients. The total histogram 
was printed for pulse rate and Sao,% (trends 1 and 
2). The histogram showed the total time the patient 
had been monitored and bar graphs represented the 
times spent at each range, e.g., with Sa0,%, how 
many minutes at each range of 100-95, 95-90, 90-85% 
saturation, etc. The histogram also listed the number 
of events that occurred at each particular range and 
the longest duration of an event in each range. 
Therefore, not only respiratory depression, but its 
duration and frequency of recurrence could be easily 
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identified. The state of consciousness was graded as 1 
(alert), 2 (sleepy but easily aroused), 3 (sleepy but 
aroused by painful stimuli), and 4 (comatose). The 
above data were recorded every minute until deliv- 
ery, every 5 minutes until the end of surgery, every 
15 minutes in the recovery room, and every hour for 
24 hours in the patient’s postpartum room. The 
narcotic requirement during the total hospital stay 
was also determined. 

Hypotension was defined as a 20% decrease in 
systolic blood pressure. Ephedrine, injected in 10-mg 
increments, was used to correct maternal hypoten- 
sion. Respiratory depression was defined as a respi- 
ratory rate of 10 breaths/min, cyanosis, and/or Sao, = 
85%. Intravenous naloxone in 0.1-mg increments was 
used for treatment of respiratory depression, CNS 
depression (a score of =3), and disturbing degrees of 
nausea, vomiting, or pruritus. 

The criterion for administering a supplementary 
narcotic intraoperatively was pain associated with 
surgical manipulations. Postoperatively, instead of 
using a visual analogue scale for evaluating pain, we 
chose the need for narcotics to control pain as the 
basis of comparison because it is more objective and 
closer to evervday practice. The type of narcotic used 
was left to the treating physician. Intraoperatively, 
either morphine or fentany! was used for supplemen- 
tary analgesia. The degree of intraoperative analgesia 
was arbitrarily rated “excellent” if no supplementa- 
tion was required; “very good” if the narcotic re- 
quired was 5 mg (or less) morphine or its equivalent 
of fentanyl based on the assumption that 100 ug 
fentanyl being equal to 8 mg morphine (11); “good” if 
the amount of narcotic needed was between 5.1 and 
10 mg morphine (or its equivalent); and “poor” if the 
amount of narcotic required exceeded 10 mg mor- 
phine (or its equivalent), or if general anesthesia was 
needed. 

Postoperative analgesia was evaluated by deter- 
mining the time between subarachnoid injection and 
the need for analgesia as well as the total dose of 
narcotic required in 24 hours. Parenteral morphine 
was used when additional postoperative analgesia 
was needed during the first 24 hours after surgery. 
After that, oral Vicodin tables were given; each tablet 
contains 5 mg hydrocodone bitartrate (an opoid an- 
algesic) and 500 mg acetaminophen (a nonopiate 
nonsalicylate analgesic). | 

The times of bupivacaine injection, start of sur- 
gery, delivery, and termination of surgery were re- 
corded. The time of onset and the level of spinal 
anesthesia, as well as the degree of motor paralysis 
were determined 2, 5, 10, 15, and 20 minutes after the 
spinal injection. The times to two-segment regression 
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Table 1. Times 


Study group Control group 
(n = 17) (n = 17) 
Induction to delivery (min) TET 13 + 2 
Duration of surgery (min) 54 + 3 62 +5 
Recovery room stay (min) 111 + 8 107 + 10 
Induction to first 23.6 + 2.6 22.1 + 2.8 
ambulation (hr) 
Hospital stay (days) 4.5 + 0.3 4.8 + 0.6 
*Mean + sem. There was no statistical difference. 
Table 2. Neonatal condition 
Study group Control group 
(n = 17) (n = 17) 
Neonatal weight (G) 3021 + 310* 3371 + 109 
Apgar score 
1 min (range) 7-9 7-9 
5 min (range) 8-10 8-10 
U.V. 
pH 7.31 + 0.01 7.32 + 0.01 
Peo, 47.2 + 2.2 44.9 + 1.2 
Po, 28.4 + 0.3 31.6 + 1.4 
BE —1.9 + 0.4 ~2.1+ 0.5 
U.A. 
pH 7.22 + 0.01 7.26 + 0.01 
Pco, 59.6 + 2.0 58.1 +2. 
Po, 20.3 + 1.5 21.4 + 1.8 
BE —2.9 + 0.5 -3.4 + 1.1 


*Mean + sem. There was no statistical difference between the study and 
contro] 2roups. 


and complete sensory and motor recovery were also 
recorded. 

The neonatal condition was evaluated using 1- and 
S-minute Apgar scores and arterial and venous um- 
bilical blood gas tensions and acid—base status. 

For statistical analysis, numerical variables (e.g., 
age, weight, and dermatomal level of anesthesia) 
were compared using a two-sample Student’s t-test. 
When using a categorical variable (e.g., degree of 
analgesia) a y-test was performed; P < 0.05 was 
considered statistically significant. Data are ex- 
pressed as mean + SEM. 


Results 


There was no statistical difference between the two 
groups in age, weight, height, gravidity, parity, or 
gestational age. The doses of bupivacaine in the 
study and control groups were comparable: 9.3 + 0.2 
and 9.2 + 0.2 mg, respectively. Levels of the sensory 
anesthesia and motor blockade, time to two-segment 
regression, and time to complete motor or sensory 
recovery were also similar in both groups. The time 
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Table 3. Narcotic Requirements* 


Study group Control group 


(n = 17) (n = 17) P Value 
Morphine (mg) 
Intraoperative 1.0 + 0.6+ 7.44 1.7 0.001 
In first 24 hr 7 a 23,9 26.8 + 5.6 0.008 
Lumbar puncture to 27.0 + 7.3 2.0 + 0.3 0.01 


first postoperative 
need for narcotic (hr) 


*Morphine or morphine equivalents (see text). 
tMean + SEM. 


Table 4. Intraoperative Analgesia Score” 


Study group Control group 
n= 17 (%) n = 17 (%) 
Excellent 14 (82) 7 (41) 
Very good 1 (6) 0 (0) 
Good 2 (12) 9 (53) 
Poor 0 (0) ł (6) 


“Significant differences between the two groups, P < 0.01. 


Table 5. Number of Patients and Narcotic Requirement 


Study group Control group 
Narcotics required n = 17 (%) n = 17 (%) 
Intraoperative 3 (18) 10 (59)* 
In 24 hr 6 (35) 17 (100)* 


*Significant differences between the two groups, P < 0.01. 


between induction and delivery, duration of surgery, 
duration of stay in the recovery room, time to first 
ambulation and duration of hospitalization were sim- 
ilar in both groups (Table 1). The neonatal condition 
was also similar and none of the neonates had an 
Apgar score of less than 7 or required resuscitation 
(Table 2). 

The intraoperative and postoperative narcotic re- 
quirement during the first 24 hours was significantly 
less in the study group (Table 3). The intraoperative 
analgesia score in the study group was significantly 
better, i.e., 88% had “excellent” or “very good” 
analgesia, compared with 41% in the control group 
(Table 4). Significantly fewer patients in the study 
group required intra- and postoperative analgesics 
(Table 5). The time until postoperative narcotics was 
needed averaged 27 + 7.3 and 2 + 0.3 hours in the 
study and control groups, respectively, i.e., signifi- 
cantly prolonged with the use of intrathecal mor- 
phine (P < 0.01). 

Vomiting was more frequent intraoperatively in 
the control patients. Postoperatively, the incidence of 
nausea and pruritus was higher in the study group 
(Table 6). Respiratory rates were similar in both 
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Table 6. Side Effects 


Study group Control group 
n = 17 (%) n = 17 (%) 

Intraoperative 

Hypotension 14 (82) 12 (71) 

Nausea 8 (47) 10 (59) 

Vomiting 1 (6) 5 (29)* 

Pruritus 0 (0) 0 (0) 
Postoperative 

Nausea 5 (29) 1 (6)* 

Vomiting 2 (12) 2 (12) 

Pruritus 11 (65) 3 (187 


‘Significant difference, P < 0.05. 
Table 7. Frequency and Duration of Decreases in Oxygen 


Saturation 


Study group (n = 6) Control group (n = 11) 


Total Total 

Sao, duration duration 
(%) n (%) (min) n (%) (min) 
90-85 1 (17) 3 10 (91) 203* 
85-80 1 (17) 1 5 (46) 32” 


*Significant differences between the two groups, P < 0.05. 


groups, none being below 10 breaths/min. The pulse 
oximeter was applied for an average of 22 hours 
(range 20 to 29). The oxygen saturation values, as 
recorded on an hourly basis, were similar in both the 
study and control groups: 95.5 + 0.3 and 95.6 + 
0.8%, respectively. However, close examination of 
the histograms showed significantly more frequent 
and more prolonged depression of Sa0,% in more 
patients in the control group than in the study group 
(Table 7). 

Intravenous naloxone was used in two patients in 
the study group, the doses being 0.2 mg to treat 
pruritus, and 0.3 mg for nausea and vomiting. The 
postoperative cardiovascular status, as evaluated by 
the heart rate and arterial blood pressure, was similar 
in both groups. None of the patients complained of 
postspinal headache. 


Discussion 


The addition of 0.2 mg morphine to spinal hyperbaric 
bupivacaine affected neither the levels of sensory or 
motor blockade nor the rates at which they regressed. 
However, this simple technique significantly im- 
proved intraoperative and postoperative analgesia. It 
has been reported that epidural and intrathecal opiate 
analgesia in high-risk patients are associated with 
early postoperative ambulation and shorter hospital 
stay (12). In our study, neither the time to ambulation 
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nor the duration of hospitalization was shorter in 
patients given intrathecal morphine. This difference 
between our findings and those reported by others 
(12) might have been due to the fact that our patients 
were young and healthy, with a lower abdominal 
operation and a rewarding outcome of the operative 
procedure. Because pain can cause tachycardia and 
hypertension, we were expecting a significant differ- 
ence in the postoperative cardiovascular status be- 
tween the two groups. However, the absence of such 
a difference was probably due to the close attention 
paid to pain relief in all patients. It is known that 
hypotension is an important cause of vomiting (13). 
The decreased incidence of intraoperative vomiting in 
the study group, despite the equal incidence of 
hypotension in both groups, might have been due to 
decreased use of parenteral narcotics. The effect of 
morphine on urinary retention was irrelevant in our 
study because of the routine use of an indwelling 
urinary catheter in all patients. 

For evaluating the effect on the fetus and neonate, 
we used the Apgar scores, the umbilical acid—base 
status, and blood gas tensions. The absence of any 
significant effect of intrathecal morphine on the fetus 
or neonate confirms previous studies in which larger 
doses of intrathecal morphine were used (4,5,14). 

In our study, no evidence of respiratory depres- 
sion was found after intrathecal morphine. This is in 
contrast to data from two nationwide Swedish sur- 
veys (8,15). The more favorable results in our study 
may be due to the limited number of patients, but 
other factors may include the smaller dosage of 
intrathecal morphine in our study, the absence of 
premedication, the healthy condition and young age 
of our patients, and the stimulation of the respiratory 
centers during pregnancy (16). Since completion of 
this study, we routinely use this technique for cesar- 
ean section, monitoring the respiration by pulse 
oximetry and collecting data to evaluate its safety. So 
far, 56 additional patients have been studied without 
respiratory depression and with excellent intra- and 
postoperative analgesia. 

The depression of Sao% with postoperative pa- 
renteral administration of narcotics was unexpected. 
A possible explanation for this may be that parenteral 
narcotics caused fluctuations in CNS status with 
periods of excessive depression reflected in decreased 
Sa0,%. Our finding of respiratory depression after 
parenteral morphine has been confirmed by two 
other investigators (17,18). Respiratory depression 
after parenteral narcotic administration may be more 
frequent than is commonly believed. With the use of 
0.2 mg intrathecal morphine, however, subsequent 
use of narcotics did not lead to respiratory depression 
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and thus patients given intrathecal morphine in the 
small doses we used need not be deprived of post- 
operative narcotic administration when indicated. 

By using small doses of naloxone, side effects such 
as pruritus and vomiting were managed without 
reversing the analgesia. 

Rawal (19) found the use of intraspinal morphine 
to be associated with fewer postlumbar puncture 
headaches. However, the number of cases in our 
study is too small to make any meaningful compari- 
son. 

We conclude that the addition of 0.2 mg morphine 
to hyperbaric spinal bupivacaine is a simple, safe 
means of improving intraoperative analgesia and 
providing prolonged postoperative analgesia and, 
also, that parenteral administration of narcotics ap- 
pears to be more depressant to respiration than is 
commonly believed. 


Our gratitude extends to the anesthesiology, neonatology, labor 


and detivery, and postpartum staffs for their cooperation and to 
Sandra Starnader for secretarial help. 
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Cimetidine Does Not Inhibit Plasma Cholinesterase Activity 


D. Ryan Cook, mp, R. L. Stiller, php, S. Chakravorti, PhD, and Taro Mannenhira, MD 


COOK DR, STILLER RL, CHAKRAVORTI 5, 
MANNENHIRA T. Cimetidine does not inhibit plasma 
cholinesterase activity. Anesth Analg 1988;67:375-6. 


Cimetidine increases the duration of action of succinyl- 
choline several-fold by an unknown mechanism. The hy- 
drolysis rate of succinylcholine by human plasma was 
measured with a modified spectrophotometric assay. At a 


Acute administration of cimetidine, an H,-receptor 
antagonist, increases the duration of action of suc- 
cinylcholine several-fold (1). Although cimetidine is 
associated with a direct inhibition of liver microsomal 
enzymes and a decrease in liver blood flow (2,3), the 
mechanism for the prolongation of the neuromuscu- 
lar blockade from succinylcholine is unclear. We 
speculated that cimetidine was a pseudocholinester- 
ase inhibitor. We therefore investigated the effects of 
cimetidine at clinically relevant concentrations on 
pseudocholinesterase activity by using succinyl- 
choline as a substrate. 


Methods 


Cimetidine (1, 2, 5, 10, 20, 50, and 200 ug/ml plasma) 
was incubated (in duplicate) with 50 ul human 
plasma of known (plasma) butyrlcholinesterase activ- 
ity (EC 3.1.1.8) in buffer (pH 7.4) for 20 minutes. 
Succinylcholine (0.5 umol) was added and the mix- 
ture incubated for another 20 minutes. The reaction 
was stopped with echothiophate iodide. The hydrol- 
ysis of succinylcholine was measured by a modified 
spectrophotometric assay (4,5). The hydrolysis reac- 
tion of succinylcholine by butyrlcholinesterase was 
coupled with choline oxidase and peroxidase in the 
presence of 4-aminoantipyrine and phenol to pro- 
duce a red quinone dye. The absorption of the 
quinone dye produced was measured at 500 nM with 
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concentration of 1-50 pg/ml cimetidine did not inhibit the 
hydrolysis of succinylcholine. It is concluded that cimeti- 
dine may have an effect at the neurcmuscular junction but 
does not inhibit plasma cholinesterase. 


Key Words: NEUROMUSCULAR RELAXANTS— 
succinylcholine. PHARMACOLOGY—cimetidine. 


a Beckman spectrophotometer. Appropriate blanks 
were used to correct for the spontaneous hydrolysis 
of succinylcholine. Standard curves relating choline 
concentration and absorbance were constructed us- 
ing choline chloride. 

The enzyme activity for succinylcholine at each 
concentration of cimetidine was expressed as micro- 
moles hydrolyzed per minute per liter plasma at 37°C 
(umol-min~*-L~* or units per liter [U/L]). 


Results 


The human plasma had a pseudocholinesterase activ- 
ity of 2900 U/L (umol acetylthiocholine iodide hydro- 
lyzed per minute per liter plasma at 37°C). In the 
absence of cimetidine, human plasma hydrolyzed 
succinylcholire at a rate of 118 U/L. The standard 
deviation was 2.5 U/L with a coefficient of variation of 
5%. Cimetidine at concentrations of 1-50 ug/ml did 
not inhibit the hydrolysis of succinylcholine. Cimeti- 
dine at 200 ugml inhibited the hydrolysis of succinyl- 
choline by 15% (Table 1). 


Discussion 


Cimetidine is frequently used on either an acute or a 
chronic basis to control the pH and volume of gastric 
contents. Following oral administration of the usual 
dose (300 mg) the peak plasma concentrations range 
from 1-10 ug/ml (6,7). At clinically relevant concen- 
trations cimetidine does not inhibit the in vitro hy- 
drolysis of succinylcholine by plasma cholinesterase. 
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Table 1. Summary of Data 


Cimetidine concentration Succinylcholine hydrolysis 


(ug'mi plasma) rate* (U/L) 
0 118 
1 126 
2 114 
5 123 
10 118 
20 121 
50 115 
200 101 


*Mean value. 


Although cimetidine influences the pharmacokinetics 
of a variety of drugs (8-10), it is difficult to envision 
that inhibition of microsomal enzymes or a decrease 
in liver blood flow would influence the pharmacody- 
namics of succinylcholine. Therefore, one suspects 
that the interaction of cimetidine and succinylcholine 
is at the neuromuscular junction. One wonders if 
such interactions occur with other relaxants because 
cimetidine is used along with H,-receptor antagonists 
to attenuate histamine-related side effects from relax- 
ants (11). This possibility needs to be investigated 
further. 
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Sedative Doses of Midazolam Depress Hypoxic Ventilatory 


Responses in Humans 


Christian M. Alexander, mp, and Jeffrey B. Gross, MD 


ALEXANDER CM, GROSS JB. Sedative doses of 
midazolam depress hypoxic ventilatory responses in 
humans. Anesth Analg 1988;67:377-82. 


The effect of midazolam on the hypoxic ventilatory response 
of eight healthy volunteers was examined during isocapnic 
rebreathing. The magnitude of the slope of the ventilatory 
response to hypoxia (Ve vs SaO,) decreased from 1.48 + 
0.24 to 0.70 + 0.13 L-min™?-%SaO,~7 (% + se, P < 
0.005) after midazolam 0.1 mg/kg IV. The calculated 
ventilation at an arterial saturation of 90% also decreased 
from 28.6 + 4.4 to 19.9 + 2.7 L/min (P < 0.05). Before 
midazolam, hypoxia to an SaO, of 75 + 2% was associated 
with a 23 + 3 beats/min increase in heart rate; after 
midazolam, the increase in heart rate with hypoxia was 
only 4 + 2 beats/min (P < 0.001). Additionally, a 
double-blind crossover study evaluated the effect of phy- 
sostigmine on awareness and hypoxic ventilatory response 


Midazolam is a water-soluble benzodiazepine fre- 
quently used for “conscious sedation” during proce- 
dures such as bronchoscopy, cystoscopy, or gastro- 
intestinal endoscopy (1), as well as during regional 
anesthesia. Previous studies show that hypnotic 
doses of midazolam (2) and diazepam (3) decrease 
ventilation and/or the slope of the CO response 
curve; for sedative doses, the results have been more 
variable (4). Small concentrations (0.1 MAC) of gen- 
eral anesthetics such as halothane virtually eliminate 
hypoxic drive, although they have little effect on the 
ventilatory response to hypercarbia (5), suggesting 
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after midazolam. The change in hypoxic response slope 
after physostigmine 2.0 mg IV (an increase of 0.28 + 0.34 
L.min~?-%SaC:.~') did not differ significantly from 
that after placebo (an increase of 0.03 + 0.22 
L.-min™!.%SaC,~1), although physostigmine significantly 
increased awareness. It is concluded that a sedative dose of 
midazolam depresses hypoxic ventilatory response and at- 
tenuates the hyperpnea and tachycardia associated with 
hypoxemia. Furthermore, physostigmine—glycopyrrolate re- 
versal of midazolam-induced sedation was associated with 
nausea (five subjects), vomiting (three subjects), and tachy- 
cardia without reversal of the depressed hypoxic ventilatory 
response. 


Key Words: ANTAGONISTS, MISCELLANEOUS— 
physostigmine. ANTAGONISTS, CHOLINERGIC— 
glycopyrrolate. HYPNOTICS, BENZODIAZEPINES— 
midazolam. VANTILATION—hypoxic response. 


that the former may be more sensitive to pharmaco- 
logic suppression. Therefore, we designed this study 
to examine tke effect of a sedative dose of midazolam 
(0.1 mg/kg) on hypoxic ventilatory response. Addi- 
tionally, because of a previous clinical report showing 
that physostigmine reverses midazolam sedation (6), 
we investigated the effects of physostigmine on ven- 
tilatory drive and level of consciousness after the 
administration of midazolam. 


Methods 


After approval by our institutional review board, we 
obtained written informed consent from nine healthy 
volunteers weighing 61 to 87 kg and ranging in age 
from 25 to 37 years; eight subjects completed the 
protocol (vide infra). Subjects abstained from bever- 
ages containing alcohol and caffeine for 24 hours and 
had nothing ty mouth for at least 8 hours before the 
start of the study; all had normal hematocrits and 
negative urinalyses for protein and glucose, were 
nonsmokers, and had not used benzodiazepines for 
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SPIROMETER BAG IN BOX MASK 


at least 14 days. Before each study, we started an 
infusion of normal saline (100 ml/hr), applied blood 
pressure (oscillotonometer) and ECG monitors, and 
recorded baseline measurements. An Ohmeda 3700 
pulse oximeter (Version J), operating in the fast 
(3-second averaging) mode, continuously measured 
arterial oxygen saturation via an ear probe. 

The supine subjects listened to symphonic music 
through headphones as they breathed mixtures of O, 
in N, at constant CO, tensions through the circuit 
shown in Figure 1. Instrumentation Laboratory End- 
tidIL, 200 infrared CO, analyzer, calibrated using 
standard gas mixtures, continuously measured air- 
way CO, tension. By varying the speed of the circu- 
lator in the breathing circuit, we adjusted flow 
through the CO, absorber to keep end-tidal CO, 
tensions constant (+1 mm Hg). At a flow of 100 
L/min, resistance to gas flow in the circuit was 0.02 
cm H,0-L7*.min. An Electro/Med 780 rolling seal 
spirometer (previously calibrated with a 2-L calibrat- 
ing syringe) measured tidal volume. A Yellow 
Springs Instruments 400 series thermistor measured 
the temperature of the bag in the box; we converted 
all volumes to BIPS using standard formulas. The 
CO, analyzer, spirometer, and pulse oximeter were 
interfaced to a CBM 8032 computer by a multichannel 
analog-to-digital converter. 

We determined baseline values for the ventilatory 
response to hypoxia using the isocapnic rebreathing 
method (7). After filling the circuit with 21% O, in 
Nz, we allowed subjects to equilibrate to an end-tidal 
Pco, of approximately 50 mm Hg for 8 min. We chose 
this CO, tension, because it is slightly above what 
we expected to observe after midazolam administra- 
tion. This allowed us to perform all of our study 
phases at the same Per,,,, thus assuring a constant 
hypercarbic stimulus to ventilation. We supplied 
sufficient oxygen to maintain the volume of gas in 
the circuit and an F1,, of approximately 0.21. At the 
end of this equilibration period, we terminated oxy- 
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Figure 1. Breathing circuit for maintaining isocapnic 
conditions during progressive hypoxia. By adjusting 
the speed of the circulator, we could control the 
amount of CO, in the circuit, enabling us to maintain 
end-tidal CO, constant to within 1 mm Hg. 


Table 1. Definition of Awareness Scores 


4 Awake and alert 

3 Awake but drowsy 

2 Asleep but arousable 

1 Asleep and unarousable, lash reflex present 
0 Asleep, lash reflex absent 


gen flow into the circuit and substituted an equal flow 
of nitrogen, allowing the volume of gas in the spi- 
rometer to remain constant. Rebreathing then pro- 
gressively lowered inspired oxygen concentrations. 
When the arterial O, saturation reached 85%, we 
added 1 ml-kg~*-min™' oxygen to the circuit to slow 
the decrease in Fi,,. We discontinued each run when 
SaO, reached 75%. However, if a subject became 
agitated, we immediately discontinued the study; in 
all cases, SaO, reached 80% before this occurred. 
Before and after each hypoxic drive determination, 
we recorded blood pressure, heart rate and level of 
consciousness (five-point scale, Table 1). 

While the subjects breathed room air, we then 
administered midazolam 0.1 mg/kg IV over 5 min- 
utes. After an 8-minute equilibration at the same 
end-tidal CO, tension used above, we repeated the 
hypoxic ventilatory response measurement. 

We used a randomized, double-blind crossover 
design (8) to determine the effect of physostigmine on 
hypoxic ventilatory response and level of conscious- 
ness: After the post-midazolam hypoxic drive deter- 
mination, subjects received their first “reversal” in- 
jection IV (physostigmine 2 mg plus glycopyrrolate 
0.2 mg or an equal volume of saline) injected over 5 
minutes. Syringes were prepared by an individual 
not otherwise involved in the study; their contents 
were unknown to both the investigators and subjects 
until the studies were completed. We allowed 5 
minutes for the treatment to take effect and then 
determined “post-treatment #1” hypoxic drive deter- 
mination at the same end-tidal CO, tension used 
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previously. When this was complete, subjects re- 
ceived their second “reversal” injection (saline or 
physostigmine—glycopyrrolate, whichever was not 
contained in the first syringe). After allowing 5 min- 
utes for this injection to take effect, we determined 
the “post-treatment #2” ventilatory drive. Subjects 
then returned to the recovery room for observation 
until they were fully awake. 


Data Analysis 


For each five breaths we computed mean minute 
ventilation and arterial saturation. Using linear re- 
gression, we calculated the slope of Ve vs arterial 
saturation in the range of 95-75% to quantitate the 
ventilatory response to hypoxia during each hypoxic 
response measurement (i.e., before midazolam, after 
midazolam, and after each “reversal” syringe). Be- 
cause ventilation increases as arterial saturation de- 
creases, these slopes have negative signs. To allow 
larger values to indicate greater hypoxic drive, we 
will refer to the absolute values of the slopes in the 
remainder of the discussion. We compared changes 
in displacement of the Vz vs SaO, line by calculating 
Voo, the minute ventilation at an arterial saturation of 
90%. We also computed the mean end-tidal CO, 
tension for each hypoxic study to document that 
there was no variation between study phases. 

Two-way analysis of variance assessed the effect of 
midazolam on hypoxic drive slope, Voo, resting heart 
rate, and resting blood pressure. We analyzed the 
effect of midazolam on hypoxia-induced changes in 
heart rate and blood pressure in the same manner. By 
subtracting each subject’s post-midazolam slope from 
his or her post-treatment #1 slope, we calculated the 
change in slope associated with the first reversal 
injection. Similarly, by subtracting the post-treatment 
#1 slope from the post-treatment #2 slope, we de- 
termined the change in slope associated with the 
second reversal] injection. To compare the changes in 
hypoxic drive slope associated with physostigmine to 
those associated with saline placebo, we used two- 
factor analysis of variance for four replications (9). 
This model allowed us to determine if changes in 
slope were related to the contents of the “reversal” 
syringes or to waning of the ventilatory depressant 
effect of midazolam with time. We used the same 
two-way analysis of variance model to analyze the 
changes in awareness, heart rate, blood pressure, 
and Vog after each “reversal” injection. For all analy- 
ses, P < 0.05 indicated statistical significance. 
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Table 2. Mean CO, Tensions and Minimum SaO, 
Achieved during Each Study Phase (x + sE) 


End-tidal CO, tension Minimum SaO, 


study phase (mm Hg) (%) 
Before midazolam 50.0 + 0.7 75.1 + 1.6 
After midazolam 50.0 + 0.8 77.0 + 1.1 
Post-treatment #1 50.2 + 0.9 77.6 + 1.5 
Post-treatment #2 50.0 + 0.9 76.5 + 1.2 


Results 


None of our subjects reported unpleasant sensations 
during midazolam injection. Although they did not 
lose consciousness or develop airway obstruction, in 
two subjects oxygen saturations dropped below 90% 
(while breathing room air) after midazolam adminis- 
tration. Their oxygenation improved and stabilized 
above 90% when we encouraged them to take deep 
breaths of air. After physostigmine administration, 
five subjects became nauseated. Three of them vom- 
ited. We were unable to obtain usable data from one 
subject who became agitated whenever SaO, was less 
than 85% after midazolam. End-tidal CO, tensions 
were stable to within + 1 mm Hg during each 
hypoxic ventilatory determination; they did not vary 
significantly among the four study phases (Table 2). 
The mean minimum arterial saturation achieved dur- 
ing hypoxia was 76 + 1% (x + sEM); there was no 
significant difference among the four study phases. 

Slopes (absolute values v.s.) of the hypoxic venti- 
latory response (VERO,), ventilation at an arterial 
saturation of 90% (Vo), and awareness scores during 
each rebreathing determination appear in Table 3. 
The first four rows contain data for those subjects 
who received saline as their first reversal; the second 
four rows contain data from subjects who received 
physostigmine as their first reversal. 

After injection of midazolam 0.1 mg/kg, the slope 
of VeRO, decreased significantly from 1.48 + 0.24 to 
0.70 + 0.13 L-min™'-%SaO,7! (x + sz). The Vog also 
decreased from 28.57 + 4.41 to 19.9 + 2.72 L/min. We 
completed the tests of subjects’ hypoxic ventilatory 
responses 16 + 3 minutes after completion of mida- 
zolam administration. 

The change in hypoxic drive slope after physostig- 
mine (an increase of 0.28 + 0.34 L-min™1.%Sa0,~ 1) 
did not differ significantly from that after placebo (an 
increase of 0.03 + 0.22 L-min™*.%SaO,*); similarly, 
the change in Və after physostigmine (an increase 
of 4.44 + 2.42 L/min) was not different from the 
change after placebo (an increase of 2.50 + 3.53 
L/min). The change in slope of all subjects’ VeRO, 
after their first reversal injection (regardless of its 
contents) was +0.61 + 0.24 L-min71-%SaO,7?. This 
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Table 3. Ventilation and Awareness after Midazolam and Physostigmine” 


Before midazolam 


All subjects 


After midazolam 


Slope Va Awareness Slope Veg 

1.83 26.8 4.0 0.55 17.0 

2.39 48.2 4.0 1.46 pt ee 

1.02 28.1 4.0 0.75 32.2 

0.83 27.7 4.0 0.31 15.8 

2.11 44.9 4.0 0.93 26.1 

1.10 hove 4.0 0.46 17.0 

0.54 14.5 4.0 0.36 9.8 

2.03 14.2 4.0 0.80 14.0 
Mean 1.48 28.5 4.0 0.70+ 19.94 

SEM 0.24 4.4 0 0.13 2.7 


Subjects receiving 


Placebo (NaC) 
Awareness Slope Veg Awareness 
20 0.89 21.1 3.0 
2.0 2.50 48.3 2.5 
3.0 0.79 31.2 3.0 
1.0 0.65 25.9 2.0 
2.9 — — — 
2.0 — — — 
1.0 — — — 
2.0 — — — 
1.9+ 1.21 31.6 2.6 
0.2 0.43 5.9 0.2 


*Values represent slopes of the hypoxic response (L-min™}-%Sao,~') multiplied by —1 (see text), computed ventilation at Sao, = 90%, and mean awareness 
scores (Table 1) averaged during each hypoxic response determination. The first four rows present data from subjects who received saline as their first reversal; 


the last four present data from subjects who received physostigmine first. 
tP < 0.005 compared with premidazolam value. 
{P < 0.05 compared with premidazolam value. 


was significantly greater than the change observed 
after the second reversal injection (—0.30 + 0.22 
L-min™'-%SaO,~"). Therefore, injection sequence 
rather than injection content was more important in 
determining the ventilatory effect of our reversal 
treatments. 

After saline injection, awareness scores decreased 
by 0.1 + 0.2; after physostigmine, awareness scores 
increased by 1.0 + 0.2. The increase associated with 
physostigmine was significantly greater than that 
associated with saline. Changes in awareness associ- 
ated with the first (0.8 + 0.3) and second (0.1 + 0.3) 
reversal injections were also significantly different. 
Therefore, both syringe content and the effect of time 
were important in determining the effect of reversals 
on our subjects’ level of consciousness. 

Before midazolam, hypoxia caused subjects’ heart 
rates to increase by 23 + 3 beats/min; after midazolam 
this increase was only 4 + 2 beats/min. Hypoxia did 
not affect blood pressure before or after midazolam 
administration. The physostigmine—glycopyrrolate 
mixture was associated with a significant increase in 
our subjects’ heart rates (26 + 8 beats/min), compared 
with saline placebo (8 + 8 beats/min). 


Discussion 


Hypoxic drive can be quantitated in several ways. 
One way is to use the shape factor “A” that describes 
the curvature of hyperbolic relation between VE and 
Pao, (10); however, the value of A depends on the 
arbitrarily chosen vertical asymptote (usually as- 
sumed to be 32-40 mm Hg). Alternatively, the rela- 
tionship Ve vs arterial saturation (measured by ear 


oximeter) is linear with its slope indicating the mag- 
nitude of hypoxic drive (7). Our plots of minute 
ventilation in response to decreases in arterial satu- 
ration were linear with correlation coefficients >0.8 
and slopes within the range previously reported. The 
Ohmeda 3700 oximeter, equipped with ear probe, 
accurately estimates arterial saturation under condi- 
tions similar to those of the present study (11). 

We found that midazolam, 0.1 mg/kg (at the low 
end of the 0.1 to 0.15 mg/kg recommended dose 
range for sedation during invasive procedures [12]) 
significantly decreases hypoxic ventilatory response 
in hypercarbic volunteers. After midazolam, the 
slope (absolute value, v.s.) of the line relating VE to 
SaO, decreased by 53%. This result is strikingly 
similar to that reported by Lakshminarayan et al. (13), 
who found a 53% decrease in hypoxic drive when 
volunteers were given diazepam 10 mg IM. 

Because doses of midazolam similar to those used 
in the present study do not affect the ventilatory 
response to CO, (14), we initially assumed that clin- 
ically significant respiratory depression would not 
occur with midazolam as used in the present study 
(15). However, two of our subjects became hypoxic 
shortly after midazolam; this could have resulted 
from an acute decrease in hypercarbic drive associ- 
ated with their decreased level of consciousness. The 
resulting hypoventilation could have caused a rapid 
decrease in alveolar and arterial O, tensions until 
hypercarbia or external arousal were sufficient to 
stimulate ventilation. In unmedicated individuals, 
hypoxic drive provides protection from hypoventila- 
tion-induced hypoxia. However, we have shown that 
midazolam ablates this protective mechanism in 
these circumstances (hypoxemia superimposed on 
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Table 3 (continued) 


placebo first 
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Subjects Receiving physostigmine first 


Physostigmine Physostigmine Placebo (NaCl) 

Slope V Awareness Slope Vao Awareness Slope Voo Awareness 
1.23 22.1 3.0 — - — — = = 
1.42 39.2 3.5 — — — — = — 
1.36 44.2 4.0 -= -= — — — — 

—0.04 35.1 3.0 — — — = — — 
— — — 1.70 26.8 3.0 1.25 21.7 2.0 
— — — 0.42 22.2 3.0 0.66 19.7 3.0 
— — oe 0.71 18.6 3.0 0.37 14.6 2.0 
— — —_ 2.84 20.7 3.0 1.86 18.0 3.0 
0.99 35.1 3.4 1.42 22.1 3.0 1.03 18.5 2.5 
0.35 4,7 0.2 0.55 17 0 0.33 1.5 0.3 


hypercarbia). Therefore, even patients with normal 
lungs and respiratory function may be at risk for the 
development of hypoxia after midazolam. This risk 
may be significantly increased in patients with CO, 
retention, who are chronically dependent on hypoxic 
drive, as well as in patients recovering from inhala- 
tion or IV anesthetics that may further depress ven- 
tilation. 

Our data also suggest that sedation with midazo- 
lam may make detection of hypoxemia more difficult 
because some of the clinical signs of hypoxemia may 
be decreased or absent. The attenuation of the hypo- 
xic ventilatory response by midazolam means that 
hypoventilation may occur during hypoxemia. Addi- 
tionally, after midazolam, hypoxia is not associated 
with tachycardia. Thus, hypoxemia may be associ- 
ated only with cyanosis and changes in mental status. 
The latter may easily be confused with the need for 
further sedation; indeed, one of our subjects became 
confused during hypoxia in the post-midazolam 
phase. The detection of cyanosis is unreliable in the 
presence of anemia, pigmented skin, or poor light- 
ing. In addition, procedures such as cystoscopy or 
endoscopy typically require the physician to use 
equipment that may obscure his or her view of the 
patient. Our results suggest that continuous monitor- 
ing of O, saturation should be considered for patients 
who are sedated with midazolam. 

Two-way analysis of variance enabled us to differ- 
entiate the effects of reversal syringe content from the 
waning effect of midazolam with time. Physostig- 
mine had no significant effect on midazolam-induced 
depression of the hypoxic ventilatory response. The 
first reversal injection, regardless of syringe content, 
was significantly associated with an improvement in 
both hypoxic response and awareness scores, sug- 
gesting that the midazolam effect was waning more 
rapidly at the time of the first reversal than at the time 
of the second. The short half-life of midazolam may 


have limited our ability to demonstrate a significant 
effect of physostigmine; we previously showed that 
the effect of midazolam on hypercarbic ventilatory 
drive lasts only about 15 minutes (2). Furthermore, 
our findings were consistent with data showing that 
after diazepam 0.4 mg/kg, physostigmine actually 
decreased the ventilatory response to hypercarbia (8). 

In contrast to our findings on the effects of phy- 
sostigmine on ventilatory responses to hypoxia fol- 
lowing midazolam, awareness scores increased more 
after physostigmine injection than after placebo. This 
is consistent with earlier reports of physostigmine 
reversal of benzodiazepine-induced sedation (6,8,16); 
it also provides evidence of a persistent CNS effect of 
midazolam at the time of physostigmine administra- 
tion (v.s.). It is important to note that although 
patients may “wake up” after physostigmine, their 
ability to respond to hypoxic stress is still compro- 
mised. The increased level of consciousness could lull 
those caring for the patient into a false sense of 
security. 

Physostigmine is not a benign drug; it causes 
peripheral cholinergic side effects including bradycar- 
dia, nausea, vomiting, and salivation. Five of our 
subjects developed nausea or vomiting after phy- 
sostigmine, suggesting that glycopyrrolate 0.2 mg is 
insufficient to block gastrointestinal side effects in 
adult patients. Because it has a quaternary nitrogen, 
glycopyrrolate it does not cross the blood-brain bar- 
rier; therefore it should not have affected our mea- 
surements of consciousness or ventilation. However, 
glycopyrrolate did increase the heart rate signifi- 
cantly. Because physostigmine—glycopyrrolate rever- 
sal of benzodiazepine-induced sedation is associated 
with significant side effects and no improvement of 
hypoxic ventilatory response, this combination 
should be used with caution for treatment of mida- 
zolam-induced respiratory depression. 

In conclusion, midazolam decreases hypoxic ven- 
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tilatory response and may make detection of hypox- 
emia more difficult. This is especially significant in 
patients chronically dependent on hypoxic drive, 
those who have surgical or medical problems which 
predispose them to hypoxia, and those given anes- 
thetics or other drugs that may depress ventilation. 
Sedation with midazolam should be accompanied by 
continuous monitoring of arterial oxygen saturation. 
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Regional Cerebral Blood Flow and Response to Carbon Dioxide 
during Controlled Hypotension with Isoflurane Anesthesia in the 


Rat 


K. R. A. Ringaert, mp, and W. A. C. Mutch, mp, with the technical assistance of 


Louise A. Malo 


RINGAERT KRA, MUTCH WAC, MALO LA. Regional 
cerebral blood flow and response to carbon dioxide during 
controlled hypotension with isoflurane anesthesia in the 
rat. Anesth Analg 1988;67:383-8. 


Regional (frontal, parietal, occipital, cortical, and basal 
ganglia) cerebral blood flow (rCBF) was examined at 1.5 
and 3.5 MAC inspired isoflurane/O, anesthesia in the rat 
using the radioactive microsphere technique to determine 
the effects of controlled hypotension with deep isoflurane 
anesthesia on rCBF and the response of rCBF to changes in 
Paco, when mean blood pressure (BP) was decreased to 
levels below the lower limit of the autoregulatory threshold. 
Four groups of six rats were studied with rCBF 1 deter- 
mined at 1.5 MAC (mean BP 80-90 mm Hg) followed by 
two rCBF determinations at 3.5 MAC (mean BP 46-48 mm 
Hg). For CBF 1 the regional CO, response was a 3.1-3.9% 
increase in rCBF/mm Hg increase in CO3. Regional cere- 
bral blood flow (ml/gimin) ranged from 0.64 + 0.05-0.83 
+ 0.15 at Paco, of 19 mm Hg to 1.34 + 0.1]~1.80 + 0.33 


Controlled hypotension is frequently accomplished 
during neurovascular surgery with high inspired 
concentrations of isoflurane. Reasons for the popu- 
larity of deep isoflurane anesthesia include smooth 
induction of hypotension with maximal cerebral met- 
abolic depression (1-4). Despite this popularity, little 
information is available on the effects of controlled 
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at Paco, of 41 mm Hg to 2.61 + 0.26-3.72 + 0.37 at 
Paco, of 59 mm Hg (mean + sem). With controlled 
hypotension (CBF 2) rCBF was unchanged during normo- 
carbia, increased 100% during hypocarbia, P < 0.01 vs 
CBF 1 and decreased 30% during hypercarbia, P < 0.01 vs 
CBF 1. For rC3F 3 measurements, the BP and inspired 
concentration of isoflurane were kept constant, while Paco, 
was increased in two and decreased in two of the four 
groups. Within-group comparisons between rCBF 2 and 
rCBF 3 results cemonstrated loss of CO, responsiveness of 
the rat cerebrovasculature in every region during controlled 
hypotension to velow the autoregulatory threshold at 3.5 
MAC isoflurane/O, anesthesia. These results show that 
rCBF is well maintained in normal cerebral tissue when 
mean BP is decreased to below the autoregulatory threshold 
during controlled hypotension with deep isoflurane anesthe- 
sia. 


Key Words: ANESTHETICS, voLaTiLeE—isoflurane. 
ANESTHETIC TECHNIQUES—hypotensive. 
BRAIN, BLoop FLow—-CO, response. 


hypotension with deep isoflurane anesthesia on cere- 
bral blood flow when blood pressure is decreased to 
or below the eutoregulatory threshold. This is impor- 
tant information because mean blood pressure below 
the autoregulatory threshold is often requested by 
the neurosurgeon to facilitate clipping on cerebral 
aneurysms. The safe lower limit for mean blood 
pressure that assures adequate cerebral blood flow 
during deep isoflurane anesthesia is unknown. The 
use of the EEG to assess adequacy of cerebral perfu- 
sion during dzep isoflurane anesthesia is precluded 
because such isoflurane concentrations result in a flat 
EEG (5,6). It is also unclear if cerebrovascular respon- 
siveness to CO, is maintained during controlled 
hypotension with deep isoflurane anesthesia when 
mean blood pressure is below the autoregulatory 
threshold. Using a dog model, Artru (7) demon- 
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strated that when mean blood pressure was reduced 
to 50 mm Hg with deep isoflurane anesthesia, total 
cerebral blood flow during hypocarbia (Paco,, 20 mm 
Hg) was significantly lower than that during normo- 
carbia (Paco,, 40 mm Hg). The CO, responsiveness 
of the cerebral vasculature in these experiments was 
maintained at 50% of control levels. This finding 
differs from results obtained in the same laboratory 
when other agents were used to induce controlled 
hypotension (8,9). Thus, at the lower limit of the 
autorezulatory threshold in the dog (10), there is 
retained but attenuated CO, responsiveness of the 
cerebral vasculature with deep isoflurane anesthesia. 
Whether or not the CO, responsiveness persists 
below the autoregulatory threshold was not exam- 
ined. 

In the present study, using a rat model we mea- 
sured regional cerebral blood flow (rCBF) during 
normotension at 1.5 MAC inspired isoflurane/O, an- 
esthesia and during controlled hypotension below 
the attoregulatory threshold for CBF at 3.5 MAC 
using the radioactive microsphere technique to mea- 
sure rCBF. The CO, responsiveness of the regional 
cerebral vasculature during low, normal, and high 
CO, levels for the same two MAC levels has also been 
examined. 


Methods 


These experiments were approved by the Animal 
Care Committee of the University of Manitoba. An- 
esthesia was induced with ether in male Long—Evans 
rats that were then intubated and ventilated with a 
Harvest rodent ventilator with approximately 1.5 
MAC (1 MAC = 1.38% isoflurane in the rat [11]) 
inspired isoflurane in 100% O,. The isoflurane was 
delivered using a Drager Halothan-Vapor calibrated 
with a Puritan-Bennett 222 anesthetic agent monitor. 
After establishment of assisted ventilation, the rats 
were given 0.06 mg atropine and 0.3 mg pancuro- 
nium. Atropine was given to block the vagal effects 
associated with manipulation of the carotid sinus 
during insertion of the right carotid line. Rectal 
temperatures were maintained at 37+1°C. by servo- 
controlled heat lamp. Catheters (PE-50) were inserted 
into the tail and femoral arteries for continuous 
measurement of arterial blood pressure and arterial 
blood gas sampling and via the right common carotid 
into the left ventricle (by pressure monitoring), for 
radioactive microsphere injection. Blood pressure 
measurements were made using calibrated Gould P23 
transducers referenced to the external auditory me- 
atus. 
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Four groups of six rats were studied with three 
periods for rCBF determinations in each rat. In each 
group, the initial period for rCBF measurements (CBF 
1) was during normotension (mean blood pressure, 
80-90 mm Hg) with 1.5 MAC inspired isoflurane. In 
all four groups the initial rCBF determinations were 
done after rats had stabilized at 1.5 MAC isoflurane 
anesthesia and the chosen Paco, for a minimum of 1 
hour. Before each measurement of rCBF, Paco, was 
measured and again measured immediately after 
withdrawal of reference organ blood samples (see 
later). Regional cerebral blood flow values were plot- 
ted against Paco, values obtained after measure- 
ments of rCBF. For rCBF 2 and 3 measurements, 
hypotension (mean blood pressure, <50 mm Hg) was 
induced by increasing the inspired isoflurane concen- 
tration to 3.5 MAC. To assess response of rCBF to 
changes in CO, in each group, the Paco, was 
changed before rCBF 3 by altering the dead space of 
the breathing circuit to produce low (LC), normal 
(NC), or high (HC) Paco, levels in the following 
manner: group 1 (NC NC LC), group 2 (LC LC NC), 
group 3 (NC NC HO), and group 4 (HC HC NC). 

Regional cerebral blood flow was determined by 
left ventricular injection of 500,000 microspheres of 15 
ym diameter of either “Cr, Sr or “Ce (3M Co.) 
randomly assigned. A reference sample of blood was 
withdrawn from the femoral artery in the following 
manner. For 10 seconds before injection of micro- 
spheres and continuing for a total of 75 seconds, 0.4 
ml of blood was withdrawn using a Harvard pump. 
After the third CBF determination, the rat was killed 
by disconnecting the ventilator. After decapitation, 
the whole brain was removed and the pia mater 
carefully stripped from the brain surface. Samples 
from left frontal, parietal and occipital cortex and left 
basal ganglia were placed in pre-tared vials and then 
reweighed. The blood reference and brain samples 
were counted by y-counter (LKB Compugamma). 
Counts were converted to rCBF by computer pro- 
gram. Only left-sided flows were examined because 
of altered rCBF responses to changes in Paco, in the 
right hemisphere secondary to right carotid occlusion 
(12). 

Within-group comparisons were by ANOVA for 
repeated measures, between-group comparisons for 
each region were by ANOVA. When the Ff-statistic 
was significant in the above comparisons, Duncan’s 
test was applied post hoc (13); P < 0.05 was consid- 
ered statistically significant. A CO, response curve 
for Paco,-rCBF 1 data was generated for each brain 
region at 1.5 MAC isoflurane anesthesia by using all 
24 flow and corresponding Paco, values obtained 
from the four groups. This was done to assess the 
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Table 1. Comparative Data For Each Group 


Group 1 
Weight (g) 409 + 10* 
Time between injections 1 and 3 (min) 56 + 4 
Isoflurane (%) 
Flow 1 1.89 + 0.12 
Flow 2 4.42 + 0.28+ 
Flow 3 4.37 + 0.23t 
PaO, (mm Hg) 
Flow 1 272 + 46 
Flow 2 227 + 34 
Flow 3 212%;5U 
*Mean + SEM; = 6 for each group. 
tP < 0.001. 


Table 2. Reactivity to Carbon Dioxide During 1.5 MAC 
Isoflurane Anesthesia for Various Brain Regions* 


CBF 1 (1.5 MAC) 


Region A % Slope rt 
Left frontal —1.103 3.42 + 9.33f 0.91° 
Left parietal —1.017 3.27 + 0.34 0.90° 
Left occipital —0.808 3.05 + 0.33 0.89° 
Left brain ganglia =1.057 3.94 + 0.40 0.90° 


*DATA are fitted to the equation of the form In CBF = A + % Slope/100 


x Paco. 
tr = correlation coefficient. 
tMean + SEM; nf = 24 
SP < 0.001 


CO, response during 1.5 MAC isoflurane anesthesia 
to compare our results with previously published 
results (14) for the CO, responsiveness of the rat 
cerebrovasculature during inhalation anesthesia at 
normotensive levels. An equation of the form 1n CBF 
= a+ b-Paco, that best described the Paco,—-rCBF 
relation was determined by least-squares regression 
analysis. 


Results 


Comparative data from the four groups of rats are 
shown in Table 1. There were no differences in 
animal weights, duration of experiments, arterial O, 
tensions, or in baseline and deep isoflurane concen- 
trations in any of the four groups. 

The data from Table 2 show the reactivity of rat 
rCBF to changes in Paco, during 1.5 MAC 
isoflurane/O, for the various brain regions examined 
for Paco,-rCBF 1 data by combining the results from 
the four groups. All data from the 24 flow measure- 
ments for the various rCBF 1 and the corresponding 
Paco, values were correlated for each brain region. 
For all regions a steep CO, response was seen at 1.5 
MAC isoflurane/O, anesthesia. The slope of the line 
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Group 2 Group 3 Group 4 
428 + 8 418 + 4 431 + 13 

585 5244 5943 
2.22 + 0.05 2.08 + 0.07 2.10 + 0.14 
4.42 + 0.25ł 4.08 + 0.15t 4.63 + 0.21t 
4,29 + 0.20+ 3.86 + 0.07+ 4.50 + 0.18+ 
340 + 47 321 + 36 360 + 39 
311 + 47 315 + 42 333 + 28 
296 + 54 290 + 42 294 + 38 


varied between 0.031 and 0.039, i.e., a 3.1-3.9% 
increase in rCBF/mm Hg increase in Paco, (P < 0.001 
for each slope; correlation coefficient r = 0.89-0.91). 

Data in Table 3 show rCBF at given Paco, levels 
and mean blood pressures for groups 14. For CBF 1 
all flow determinations are during normotension at 
approximately 1.5 MAC inspired isoflurane anesthe- 
sia. Comparison of rCBF 1 results for groups 1 and 3 
(normocarbia; Paco,, 41 mm Hg) are indistinguish- 
able across the four brain regions examined 
(ANOVA). In group 2 (initial hypocarbia; Paco,, 19 
mm Hg) rCBF 1 values were approximately 50% of 
those seen with normocarbia in groups 1 and 3 (P < 
0.01 vs groups 1 and 3). In group 4 (initial hypercar- 
bia; Paco,, 59 mm Hg) rCBF values were approxi- 
mately 100% higher than those seen in groups 1 and 
3 (P < 0.01 vs groups 1 and 3). The results from CBF 
2 for each group were with Paco, values maintained 
at stable levels but with controlled hypotension initi- 
ated by increasing the inspired isoflurane anesthesia 
to 3.5 MAC. In all groups the mean blood pressure 
was <50 mm Hg but >45 mm Hg and stabilized at 
that level for a minimum of 25 minutes before mea- 
surement of CBF 2. In groups 1 and 3 (stable normo- 
carbia) there was a statistically insignificant increase 
in mean rCBF in all regions examined (ANOVA for 
repeated measures). In group 2 (stable hypocarbia) 
after institution of controlled hypotension with 3.5 
MAC isoflurane anesthesia, rCBF levels were approx- 
imately 100% greater than rCBF 1 levels in all regions 
(P < 0.01 vs CBF 1). In group 4 (stable hypercarbia) 
rCBF decreased 27-33% when mean blood pressure 
was 40% belaw baseline levels (P < 0.01 vs CBF 1). 
For CBF 3 mean blood pressure was held constant at 
3.5 MAC isoflurane and Paco, was either increased 
or decreased in each group as listed. A minimum of 
25 minutes elapsed at the new CO, level before CBF 
3 was measured. Despite a decrease in CO, in groups 
1 and 4 or an increase in CO, in groups 2 and 3, there 
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Table 3. rCBF at Given Levels of Paco,and Mean Blood Pressure for Groups 1 to 4 


RINGAERT ET AL. 
Parietal Occipital B. ganglia 
1.37 + 0.11 1.60 + 0.16 1.77 + 0.14 
1.78 + 0.13 1.98 + 0.13 2.33 + 0.14 
1.83 + 0.26 2.06 + 0.32 2.35 + 0.38 
0.66 + 0.06 0.81 + 0.06 0.83 + 0.15 
1.26 + 0.09+ 1.42 + 0.11+¢ 1.66 + 0.21+ 
1.43 + 0.13+ 1.55 + 0.15+ 1.62 + 0.22+ 
1.49 + 0.13 1.61 + 0.23 1.80 + 0.33 
1.95 + 0.29 2.13 + 0.29 2.28 + 0.21 
2.15 + 0.25¢ 2.43 + 0.274 2.41 + 0.24 
2.61 + 0,26 2.80 + 0.27 3.72 + 0.37 
1.91 + 0.19+ 2.03 + 0.20t 2.02 + 0.21+ 
1.88 + 0.16+ 2.19 + 0.27} 2.15 + 0.23t 


Paco, Mean BP Frontal 
Group 1 
CBF 1 41.1 + 1.1* 80.3 + 1.4 1.35 + Q.11 
CBF 2 49.0 + 1.2 46.8 + 0.7+ 1.51 + 0.16 
CBF 3 22.522 17F 46.0 + 0.5t 1.59 + 0.18 
Group 2 
CBF 1 18.9 + 1.3 88.7 + 3.8 0.64 + 0.05 
CBF 2 17.4 + 1.1 46.0 + 0.9t 127 2-0.41F 
CBF 3 42.3 + 2.9ł 45.5 + 0.3ł 1.35 + 0.134 
Group 3 
CBF 1 41.3 + 2.1 859 £2.0 1.34 + 0.14 
CBF 2 36.7 2.3 48.0 + 0.6T 1.81 + 0.27 
CBF 3 577 Œ SIF 47.7 + 0.7+ 2.01 + 0.24ł 
Group 4 
CBF 1 58.5 + 2.4 O17 3.2 2.72 + 0.28 
CBF 2 56.4 + 1.8 47.7 + 0.8T 1.83 + 0.19+ 
CBE 3 34.2 + 2.5ł 47.7 + 0.6t 1.86 + 0.16T 
“Mean + SEM; n = 6 for each group. Results are expressed in ml-g7™ min ~}. 


+P <0 01 vs CBF 1. 
P <0 05 vs CBF 1. 


was no significant difference in rCBF in any region for 
any group for the two CO, levels compared within 
each group, i.e., CO, responsiveness of the rat cere- 
brovasculature was lost at 3.5 MAC isoflurane/O, 
anesthesia when mean blood pressure was 46-48 mm 
Hg. 


Discussion 


Using the radioactive microsphere technique we have 
examir.ed rCBF in the rat during isoflurane/O, anes- 
thesia at 1.5 MAC inspired concentration and during 
controlled hypotension at 3.5 MAC isoflurane/O, 
anesthesia. We have also examined the CO, respon- 
siveness of the cerebral vasculature at 1.5 and 3.5 
MAC. We have attempted to design the experimental 
model so that mean blood pressures and Paco, val- 
ues during the normotensive controls and during 
periods of controlled hypotension have clinical rele- 
vance despite use of a rat model. Examination of the 
literature suggests that the 1.5 MAC isoflurane anes- 
thesia we used is a deeper level of baseline anesthesia 
than that used by many investigators when determin- 
ing control CBF values in rat models (15,16). We 
consulted the Harvard Bioscience catalog (17) (a com- 
pendium of normal rat physiologic values) to arrive at 
a normal mean blood pressure of 92 mm Hg in the 
adult rat. Higher control mean blood pressure values 
published in various papers (15,16) are usually ob- 
tained after the animal has been invasively moni- 
tored, paralyzed, and ventilated with N,O/O, anal- 
gesia. Our baseline flows during normocarbia agree 
well with those published by Lauritzen (14) for rats 


anesthetized with 1.5 MAC halothane/O, anesthesia 
and, like Lauritzen, we have obtained a similar CO, 
response curve for all regions examined of 3.1-3.9% 
increase in rCBF/mm Hg increase in Paco, (Table 2). 
We also deliberately chose to decrease mean blood 
pressure below the published lower limits of the 
autoregulatory threshold for CBF in the rat anesthe- 
tized with an inhalation anesthetic (18,19). The pub- 
lished values for the lower limit of the threshold are 
stated to be 50-70 mm Hg. We elected to investigate 
rCBF below the lower limit of the autoregulatory 
threshold because we consider this information to be 
clinically important because the neurosurgeon fre- 
quently requests that the mean blood pressure be 
reduced below this level to facilitate clipping of a 
cerebral aneurysm. In addition, Warner et al. (20) 
suggest that approximately 3-4% inspired isoflurane 
concentration is necessary to assure burst suppres- 
sion in the rat. This is a higher inspired concentration 
than that necessary for a similar effect in humans (4). 

Examination of the data in Table 3 reveals the effect 
of the change in rCBF when 3.5 MAC inspired 
isoflurane anesthesia was initiated to induce con- 
trolled hypotension at stable CO, levels in each 
group. From CBF 1 to CBF 2 the isoflurane concen- 
tration was increased to 3.5 MAC to decrease the 
mean blood pressure to <50 mm Hg in each group. 
The isoflurane concentration and mean blood pres- 
sure were stable for a minimum of 25 minutes before 
determination of CBF 2. We demonstrated that de- 
spite a 40% decrease in mean blood pressure during 
normocarbia (groups 1 and 3), rCBF was increased 
minimally above baseline values. There was a 100% 
increase in rCBF in group 2 (initial hypocarbia; Pacog, 
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17 mm Hg). This indicates that the marked vasodila- 
tory effects of 3.5 MAC isoflurane anesthesia in the 
face of a 40% decrease in blood pressure overwhelm 
the vasoconstrictive effects of hypocarbia. In group 4 
(initial hypercarbia; Paco, 56 mm Hg), rCBF de- 
creased significantly during 3.5 MAC isoflurane an- 
esthesia. In this group, regional flows decreased 
approximately 30% when mean blood pressure was 
40% below baseline levels, implying pressure passive 
flow during isoflurane anesthesia in the presence of 
hypercarbia. 

Our results corroborate the work of others who 
found CBF unchanged or increased when the concen- 
tration of isoflurane was increased to induce con- 
trolled hypotension in the presence of hypocarbia or 
normocarbia (1-4). 

Comparisons of rCBF 2 and 3 in each group 
demonstrate loss of CO, response of the rat cerebral 
vasculature at 3.5 MAC isoflurane anesthesia when 
mean blood pressure was <50 mm Hg. This was true 
in all regions of the brain in each group regardless of 
whether or not the CO, was raised or lowered from 
the previous value present during CBF 2. These 
results differ from the findings of Artru (7), who 
showed that in the dog model there was a 50% 
preservation of the increase in total CBF/mm Hg 
increase in Paco, during hypotension to a level of 
blood pressure similar to that in the present study, 
but with an inspired concentration of isoflurane 
(2.5-4.3%) lower than we used. There are multiple 
differences between the two studies: different animal 
models, different techniques for measurement of 
CBF, the absence of N,O in our study, CO, changes 
over a shorter time period in our study, and measure- 
ment of rCBF in our model as opposed to total CBF in 
Artru’s model. We also investigated CO, response 
during hypercarbia. The major difference between 
the two studies, however, may relate to our attempt 
to deliberately decrease mean blood pressure to be- 
low the autoregulatory threshold with a high inspired 
isoflurane concentration, whereas in Artru’s study 
mean blood pressure was probably reduced only to 
the level of the autoregulatory threshold (10). Al- 
though this difference in experimental protocols was 
deliberate, it also resulted in the rats in our study 
having slightly lower mean blood pressures during 
controlled hypotension. This may have contributed 
to the loss of CO, responsiveness by the cerebral 
vasculature as demonstrated in our study. The loss of 
rCBF responsiveness to changes in the level of Paco, 
seen in our experiments is similar to findings in other 
laboratories for halothane (21,22). Absence of a direct 
response of CBF to increases in Paco, has been 
demonstrated with infusion of intravenous agents 
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such as sodium nitroprusside and trimethaphan (8) 
and nitroglycerin (9) during halothane anesthesia. 

Criticisms of our model include the fact that the 
left ventricular line was placed through the right 
common carotid, which necessitated ligation of this 
vessel. We have not presented data from the right 
hemisphere because of altered CO, response when 
one carotid has been ligated (12). Ligation of the right 
common carotid does not alter the CO, response of 
the cerebral vasculature in the left hemisphere (12). 
We have shown a moderately steep response to rCBF 
to Paco, changes at 1.5 MAC in the left hemisphere, 
which agrees with previous work for CO, responses 
in the rat with 1.5 MAC halothane/O,, in a model in 
which the right carotid is not ligated (14). This sug- 
gests our model is adequate for investigation of CO, 
responses of rCBF. In control experiments, we dem- 
onstrated stable rCBF at constant CO, and mean BP 
and an intact CO, response for up to three flow 
determinations during isoflurane/O, anesthesia. We 
have used a relatively large number of microspheres 
(500,000/injection) to permit assessment of rCBF. 
Others used a similar number of microspheres/injec- 
tion without noticeable deterioration of the animal 
preparation (23,24). We observed no deterioration of 
the rat's physiologic status when comparing mean 
blood pressure and arterial blood gas data before and 
after injection. 

In conclusion, using a rat model with rCBF deter- 
mined by the radioactive microsphere technique, we 
have demonstrated a 3.1-3.9% increase in rCBF/mm 
Hg increase in Paco, during 1.5 MAC isoflurane/O, 
anesthesia. During controlled hypotension to a level 
below the autoregulatory threshold for cerebral blood 
flow in the rat, 3.5 MAC inspired isoflurane anesthe- 
sia resulted in loss of the CO, response of the cerebral 
vasculature. In addition, and perhaps most impor- 
tant, during controlled hypotension with 3.5 MAC 
isoflurane anesthesia, rCBF was maintained at levels 
that appoximated those seen with 1.5 MAC iso- 
flurane anesthesia when rats had normocarbic blood 
gases. These results show rCBF is well maintained in 
normal cerebral tissue when mean blood pressure is 
decreased to below the autoregulatory threshold dur- 
ing controlled hypotension with deep isoflurane an- 
esthesia. 


Dr. J. Scatliff kindly modified the rCBF program for our purposes. 
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Hemodynamic Responses to Laryngoscopy and Intubation 


in Outpatients 
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Wayne V. Polek, mp, Francis X. Riegler, mp, and Timothy R. VadeBoncouer, MD 


LAURITO CE, BAUGHMAN VL, BECKER GL, POLEK 
WV, RIEGLER FX, VADE BONCOUER TR. Effects of 
aerosolized and/or intravenous lidocaine on hemodynamic 
responses to laryngoscopy and intubation in outpatients. 
Anesth Analg 1988;67:389-92. 


A randomized, double-blind study was carried out on 40 
unpremedicated, ASA I-II adult surgical outpatients to 
assess the effects of aerosolized lidocaine, intravenous lido- 
caine, both, or neither, on circulatory responses to laryngo- 
scopy and intubation. Lidocaine (4 mg/kg) or saline was 
given by nebulizer in the holding area beginning at —15 
minutes. The patient underwent a standarized induction of 
anesthesia that included IV curare (3 mg) and O, by 
facemask at minute 2, followed by IV thiopental (5 mg/kg) 
and succinylcholine (1.5 mg/kg) at minute 5. Lidocaine (2 
mg/kg) or saline was given by IV push at minute 4. 
Laryngoscopy was begun at 5 minutes and continued for 45 
seconds before intubation. Heart rate and systolic, diastolic, 
and mean blood pressures were automatically recorded at 
1-minute intervals from 0 to 11 minutes. The four treat- 


Laryngoscopy and ‘tracheal intubation are potent 
stimuli that increase heart rate and blood pressure 
(1-3), particularly if laryngoscopy takes as long as 45 
seconds (4). Laryngoscopy alone generates essen- 
tially the same pressor response and sympathoadre- 
nal response as does laryngoscopy followed by intu- 
bation (5). Measures that effectively blunt these 
responses including heavy premedication, high-dose 
narcotics, deep inhalational anesthesia, and potent 
vasoactive drugs (4,6,7) also commonly prolong re- 
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ment groups included: group 1, aerosolized and IV saline; 
group 2, aerosolized saline, IV lidocaine; group 3, aeroso- 
lized lidocaine, IV saline; and group 4, aerosolized and IV 
lidocaine. There were no differences among the four treat- 
ment groups (n = ten per group) in any of the four 
hemodynamic variables before laryngoscopy and intubation. 
Within each group, after intubation all four hemodynamic 
variables increased significantly over the corresponding 
baseline values for that group. However, the maximum 
values attained after intubation aid not differ significantly 
among the four treatment groups for any of the four 
hemodynamic variables, whether those maxima were ex- 
pressed as absolute values or as a percentage of baseline. 
Having found no difference in the effects of aerosolized 
and/or intravenous lidocaine and saline placebo on hemo- 
dynamic response to laryngoscopy and intubation in adult 
surgical outpatients using a rigidly standardized protocol, 
it is recommended that such usage of lidocaine be aban- 
doned. 


Key Words: INTUBATION, TRACHEAL—lidocaine 
use. ANESTHETICS, Ltocat—lidocaine. 


covery time and can lead to cardiovascular complica- 
tions (6,7) and thus are contraindicated in patients 
scheduled for brief surgical procedures. Lidocaine, 
which avoids these problems, has also been used to 
blunt hemodynamic stimulation during laryngoscopy 
(8). Although the efficacy of lidocaine treatment in 
this setting has been questioned (1,9), definitive 
conclusions have been precluded by lack of compa- 
rability among existing studies conducted mainly in 
premedicated patients with widely varying baseline 
medical status and duration of laryngoscopy (1,2,5, 
8-10). 

Our study has focused specifically on unpremedi- 
cated, generally healthy adult patients undergoing 
outpatient surgery. In addition to representing a 
more medically homogenous population, such pa- 
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Table 1. Effect of Lidocaine and/or Saline on Hemodynamic Responses to Laryngoscopy and Intubation* 


S/S 

Heart rate 

Baseline (beats/min)t 79 (4) 

Maximum 117 (3) 

(beats/min) 

Maximum (%)§ 152 (9) 
Mean blood pressure 

Baseline (mm Hg) 101 (5) 

Maximum (mm Hg) 141 (6) 

Maximum (%) 141 (7) 
Systolic blood pressure 

Baseline (mm Hg) 131 (7) 

Maximum (mm Hg) 170 (6) 

Maximum (%) 130 (7) 
Diastolic blood pressure 

Baseline (mm Hg) 75 (5) 

Maximum (mm Hg) 108 (5) 

Maximum (%) 145 (6) 


"Values are given as mean (SEM). Abbreviations: 5, saline; L, lidocaine. 
tPre-intubation baseline = average of 0 to 3-min values. 
tPost-intubation maximum = highest of 5 to 8-min values. 

§Maximum expressed as percentage of baseline. 


tients may be more likely to be cared for by residents 
early in their clinical training period and therefore to 
experience a stronger stimulus in the form of pro- 
longed laryngoscopy. We have compared the effec- 
tiveness of aerosolized and/or intravenous lidocaine 
and placebo’ for the control of hemodynamic’ re- 
sponses to laryngoscopy and endotracheal intuba- 
tion. 


Methods 


Following approval by our investigational review 


board and receipt of informed consent from our 


patients, 40 ASA I and II patients were each ran- 
domly assigned to one of four treatment groups. 
Within a span of 15 minutes, as detailed below, each 
patient received either lidocaine or placebo by nebu- 
lizer, followed by lidocaine or placebo by IV push. 
Both patient and anesthesiologist were unaware of 
the contents of nebulizer and syringe. 

Procedures for study drug administration and for 
anesthetic induction were rigorously standardized. 
Nebulized lidocaine (4 mg/kg) or an equivalent vol- 
ume of saline was given over a 10-minute period in 
the holding area. The patient was instructed to breath 
the aerosolized mist through a mouthpiece. The 
patient immediately entered the OR, where auto- 
mated recordings (Datascope) of heart rate (HR) and 
systolic (SBP), diastolic (DBP), and mean (MBP) blood 
pressures were initiated (= 0 min) and repeated at 


. LAURITO ET AL. 
Nebulized drug/Intravenous drug 
S/L LS L/L 
71 (4) 77 (5) 76 (5) 
108 (8) 113 (6) 114 (3) 
153 (8) 150 (10) 156 (11) 
95 (3) 102 (2) 96 (4) 
130 (7) 142 (6) 136 (6) 
143 (8) 139 (5) 142 (6) 
127 (3) 129 (3) 128 (5) 
163 (10) 176 (7) 168 (7) 
136 (7) 138 (5) 132 (5) 
73 (2) 76 (2) 73 (3) 
102 (6) 111 (5) 107 (5) 
142 (8) 147 (6) 


145 (5) 


1-minute intervals thereafter. At 2 minutes curare (3 
mg) was given and followed with O, by mask. At 4 
minutes either lidocaine (2 mg/kg) or saline was given 
intravenously, followed immediately by thiopental (5 
mg/kg) and then succinylcholine (1.5 mg/kg). Lar- 
yngoscopy was begun at 5 minutes and maintained 
for exactly 45 seconds before passage of the endotra- 
cheal tube followed by mechanical ventilation with 
either 1.5% isoflurane or 2%. enflurane in 70% 
N.O0/30% O, at 6 L/min. The patient was left undis- 
turbed for an additional 6 minutes of hemodynamic 
recordings, at which point the study was terminated. 
The same blood pressure machine was used on all 
patients to eliminate variability in determining blood 
pressure or heart rate and recording data. Our induc- 
tion technique paralleled the drug doses and se- 
quence frequently used in our outpatient anesthesia 
department. | 


Results 


The four groups were comparable in terms of age, 
sex, weight, and ASA classification. None were tak- 
ing cardioactive or respiratory medication. Pre- and 
postintubation values for HR, SBP, DBP, and MBP in 
the four treatment groups are shown in Table 1. 
There were no statistically significant differences’ 
among the groups for any of the measured variables 
before intubation (P > 0.05 by ANOVA). Heart rate, 
SBP, DBP, and MBP all increased significantly above 


HEMODYNAMIC RESPONSES AFTER LIDOCAINE 


baseline levels after intubation in each of the four 
groups (P < 0.05 by paired t-test). However, postin- 
tubation maximal values did not differ significantly 
among the four treatment groups, whether compared 
as absolute values or as percentage increases from 
baseline. 


Discussion 


Several studies have looked at the efficacy of intrave- 
nous and topical oropharyngeal lidocaine as an agent 
to blunt the hypertensive and tachycardic response to 
laryngoscopy and intubation. The results of these 
studies have been contradictory, probably because of 
differences in study protocol (i.e., patient population, 
premedication, depth of anesthesia, method of lido- 
caine delivery, dose of lidocaine, duration of laryngo- 
scopy, interval between lidocaine administration and 
laryngoscopy, and method of stress evaluation). 

Our study examined the cardiovascular response 
of unpremedicated, healthy ASA HH outpatients 
subjected to prolonged laryngoscopy before intuba- 
tion. We chose this patient population to evaluate a 
homogenous group of patients who did not have 
medical problems, did not require concurrent medi- 
cation (i.e., B-blockers, calcium channel blockers, 
digoxin, nitroglycerine), and did not receive signifi- 
cant preoperative sedation. We also selected this 
group because they may frequently be cared for by 
junior residents or medical students, which increases 
the potential for prolonged laryngoscopy. Laryngo- 
scopy was maintained for 45 seconds before intuba- 
tion to provide a maximal stimulus. Stoelting (4) 
demonstrated near maximal pressor response at 45 
seconds of laryngoscopy, with little to no additional 
increase with sustained laryngoscopy. 

We administered lidocaine by aerosol and/or intra- 
venously to determine whether topical, intravenous, 
or thé combination of topical plus intravenous lido- 
caine was superior in blunting the cardiovascular 
response to laryngoscopy and intubation. Aeroso- 
lized lidocaine was selected rather than intratracheal 
lidocaine to avoid two laryngoscopies, which has 
confused data in several studies. Aerosolized lido- 
caine has been shown to provide good topical anes- 
thesia (2,8). When administered 5 to 15 minutes 
before airway instrumentation, 4 mg/kg nebulized 
lidocaine (11) produce maximal arterial blood levels of 
<2 pg/ml. We injected IV lidocaine (2 mg/kg) 1 
minute before laryngoscopy. This dose produces ar- 
terial blood levels of 6-7.5 ug/ml in 1 minute (12,13), 
with rapid decline to 2-3 ug/ml at 5 minutes (12). Our 
largest lidocaine dose (group 4) was 4 mg/kg by 
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aerosol followed by a 2 mg/kg IV bolus. This dose is 
sufficient to cause a high arterial blood level, in an 
attempt to obtain a maximal effect from the medica- 
tion, without producing toxic levels (12-14). 

Our data confirm the work of both Chraemmer- 
Jorgenson et al. (1) and Derbyshire et al. (9). The 
former investigators found no beneficial effect of 
intravenous lidocaine (1.5 mg/kg) given 2 minutes 
before rapid sequence laryngoscopy and intubation. 
Derbyshire et al. (9) reported that topical lidocaine 
did not blunt the increase in blood pressure, in heart 
rate, or in plasma catecholamine levels after laryngo- 
scopy/intubation. 

Venus et al. (7) reported significantly greater car- 
diovascular stability after laryngoscopy and intuba- 
tion in patients pretreated with aerosolized lidocaine 
(240 mg) than that in a control group that received 
aerosolized saline. To provide maximal stimulus, 
Venus et al. (7) maintained laryngoscopy for 60 
seconds. Other than morphine premedication (1 
mg/10 kg) and the fact that they studied inpatients, 
their protocol was similar to ours. We are not able to 
explain the difference between their results and ours 
unless there was a difference in delivery of aeroso- 
lized lidocaine between their patients and ours. We 
used standard respiratory therapy equipment and 
generally accepted administration methods. | 

Previous studies also differ from ours in two im- 
portant ways: 1) most patients received premedica- 
tion including benzodiazepines and/or narcotics and, 
2) there was no consistant approach to the duration of 
laryngoscopy; many intubations were performed af- 
ter rapid sequence induction of anesthesia and there- 
fore caused less cardiovascular stress. 

In summary, our study examined the hemody- 
namic responses of unpremedicated healthy patients 
subjected to prolonged laryngoscopy, a condition 
expected to evoke a maximum hemodynamic change. 
We found no advantage to the use of lidocaine 
(aerosolized, IV, or both) compared to placebo. In 
each of our groups the stimulus of laryngoscopy and 
tracheal intubation significantly increased heart rate 
and blood pressure, yet we found no differences in 
the absolute or relative extent of these elevations 
between the various treatment and control groups. 
Our results suggest that the administration of lido- 
caine before laryngoscopy in healthy adult patients 
affords no protection to the cardiovascular system. 
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Combined Anesthetic- and Stress-Induced Malignant Hyperthermia 
in Two Offspring of Malignant Hyperthermic-Susceptible Parents 


Beverley A. Britt, MD, FRCP(C) 


Key Words: HYPERTHERM]JA—amalignant. 


For the past 18 years we have been observing an 
unusual malignant hyperthermic-susceptible (MHS) 
family (pedigree NNB, Fig. 1). Initially the only 
individual in the family to have had an anesthetic- 
induced malignant hyperthermic (MH) reaction was 
the proband, C.B. As the years passed, however, 
three other members suffered pyrexial anesthetic- 
induced reactions (the proband’s mother, C.B.L., 
brother, J.B., and second cousin once removed B.T.). 
Additionally, second nonanesthetic induced reac- 
tions were sustained by two members of this family 
(the proband, C.B., and her brother, J.B.) and in 
each, this second crisis was fatal. We propose, there- 
fore, to describe the genetic history and the individ- 
ual reactions suffered by members of this family in 
detail and then to discuss the interlocking roles of the 
various triggering factors. 

The genetic history of this family (Fig. 1) was 
unusual in that two apparently malignant hyperther- 
mia-susceptible individuals married each other. Thus 
the mother had an anesthetic-induced reaction and a 
muscle biopsy positive for MH, while one of the 
father’s collateral relatives (his second cousin once 
removed, B.T.) had a fatal, febrile anesthetic-related 
reaction. Furthermore, the father, paternal grandfa- 
ther, and paternal great-grandmother all had persis- 
tently elevated creatine kinase levels. It may be, 
therefore, that the proband and her brother were 
homozygous for MH, which would help explain the 
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“severity of the terminal reactions suffered by these 


two siblings. 


Case Histories 
C.B. (Proband) 


December 2, 1964. The proband was a 4-year-old, 
very muscular Caucasian female who was admitted 
to hospital for a cystoscopy because of abdominal 
pain due to a renal tract infection. The child was 
otherwise in good health. Premedication consisted of 
intramuscular pentobarbital 40 mg and scopolamine 
0.2 mg. On arrival in the operating room she was 
markedly apprehensive. 

Anesthesia was induced with halothane at 1135 
hours. During and after induction, laryngeal stridor 
occurred. Throughout the 25-minute procedure, the 
heart rate (HR) ranged from 128 to 125 beats/min, and 
the respiratory rate (RR) varied from 60 to 65 breaths/ 
min. 

On arrival in the postanesthetic recovery room 
(PAR) the heart rate was 160 beats/min and bound- 
ing, RR was 48 breaths/min, and the skin was dusky 
and very warm. Oxygen was given by mask. Fifteen 
minutes later, at 1215 hours, the rectal temperature 
(Tr) rose to 105.6°F. Twitching and definite cyanosis 
developed, for which thiopental 40 mg was given. 

By 1250 hours, her temperature was above 108°F. 
A hypothermia blanket was, therefore, applied. Thir- 
ty-five minutes later the Tr had decreased to 101°F. 
The blood pressure (BP) at this time was 76/30 mm 
Hg. Shortly thereafter hydrocortisone 50 mg and 
norepinephrine 2 mg were given. This led to an 
increase in the BP to 100/40 mm Hg and a decrease in 
Tr to 95.6°F. Nearly 3 hours after entering the PAR 
the reaction appeared to be recrudescing in that the 
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Figure 1. Pedigree NNB. 


Tr had risen to 100.2°F and the abdominal muscles 
appeared tensed and distended. 

About 1 hour later the urine was dark and de- 
creased in volume, the Tr continued to rise to 101.5°F, 
and the BP to 110/60 mm Hg. Pentobarbital 15 mg, 
diphenylhydantoin 50 mg, and hydrocortisone 50 mg 
were administered. By 1815 hours, the BP was 112/64 
mm Hg, HR 130 beats/min, RR 34 breaths/min, and Tr 
97.6°F. At 2215 hours, C.B. was transferred to the 
ward with all vital signs normal and responding to 
external stimuli. The retrograde pyelogram suggested 
right uretero pelvic obstruction with hydronephrosis. 


March 3, 1965. C.B. was readmitted for explor- 
atory surgery to determine the cause of the hydrone- 
phrosis. Preoperative HR was 112 beats/min. Pre- 
medication comprised pentobarbital 35 mg and 
atropine 0.15 mg. 

At 0805 hours, induction with intubation was 
performed with cyclopropane, during which persist- 
ent low grade laryngeal obstruction and cyanosis 
were observed. Anesthesia was maintained with 1% 
halothane and nitrous oxide:oxygen (N,O:O,) = 2:2 
L/min. AT 0855 hours, HR was 135 beats/min, BP 
64/30 mm Hg, and RR 23 breaths/min. Cyanosis and 
muscle rigidity developed. When the concentration 
of halothane was increased the blood pressure 
dropped sharply. One hundred ml of blood was 
transfused. Rectal temperature had risen to 101.4°F 
and so surgery was cancelled. Ice packs were applied, 
another 100 ml of whole blood was given, and an 


aspirin suppository was inserted. By 0950 hours, the 
Tr was 105.2°F, HR 197 beats/min, BP 140/70 mm Hg, 
and RR 35 breaths/min. As the child was awakening, 
she was extubated and 3 L/min of oxygen by mask 
was instituted. 

At 1000 hours, C.B. was sent to the PAR packed in 
ice with an HR of 144 beats/min, RR 32 breaths/min, 
and Tr 100.6°F. At 1230 hours the patient was dis- 
charged from the RR with all vital signs normal. 


December 4, 1965. Between 0800 and 0900 hours, 
C.B, developed flu-like symptoms with a low grade 
fever and failure to void over a 10—-12-hour period. 
That evening, coughing and wheezing occurred. Her 
mother (C.B.L.) applied Vicks Vapo Rub to the chest. 
Almost immediately the Tr rose to 108°F and convul- 
sions occurred associated with extreme rigidity of the 
legs. An ambulance was called. In the ambulance 
C.B. became deeply cyanotic, and board-like rigidity 
developed. She was declared dead shortly after ad- 
mission to hospital. 


J.B. (Brother of Proband) 


November 1, 1973. J.B. was referred to the Malig- 
nant Hyperthermia Investigation Unit (MHIU) at the 
Toronto General Hospital (TGH) at age 8 years for 
skeletal muscle biopsy for diagnosis of MH and for 
repair of a chronically subluxating right knee joint. 
He was very muscular and had hypermobility of both 
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knee joints, particularly the right. He complained of 
“growing pains” in his legs and exhibited moderate 
thoracic kyphoscoliosis with marked lumbar lordosis, 
slight winging of the scapula, and hypertrophy of 
muscles of the extremities. He had a hyperactive 
personality and multiple allergies. Other aspects of 
his history and physical examination were normal. 
No previous anesthetics had been given. The admit- 
ting creatine kinase (CK) was 265 IU (normal < 40 in 
male children). 

Induction of anesthesia was performed with 
N,O:0, 6:4 L/min for 2 minutes, then 2 ml Innovar 
was injected followed by 10 mg diazepam. Intubation 
was easily performed after spraying the vocal cords 
with 5% cocaine. 

Anesthesia was maintained with N,O:O, 6:4 L/min 
plus repeated doses of thiopental and fentanyl. Dur- 
ing the first hour of anesthesia vital signs were 
normal. During the next hour and 40 minutes of 
anesthesia, the HR increased to 150 beats/min, the 
systolic BP increased to 138 mm Hg, while the Tr fell 
to 34.7°C. 

In the RR, violent shivering occurred, the HR 
varied between 120 and 140 beats/min, the BP ranged 
between 100-120/55-70 mm Hg, and Tr increased to 
38°C. Thirty minutes after admission to the RR, Paco, 
= 60 mm Hg, Pao, = 230 mm Hg, pH = 7.24, and 
base deficit = —2.5 mEq/L. On return to the ward, 
convalescence was uneventful. 

Skeletal muscle biopsy revealed a caffeine- 
halothane contracture (CHC) test strongly positive 
for MH (1,2), with the caffeine-specific concentration 
(CSC, the concentration of caffeine in mM required to 
raise the resting tension of a skeletal muscle fascicle 
by one gram) = 0.48 mM (normal > 4.1 mM), the 
caffeine-specific concentration-halothane (CSC-H, 
the concentration of caffeine in mM required to raise 
the resting tension of a skeletal muscle fascicle by one 
gram in the presence of 1.0 volume % halothane) = 
0.23 mM (normal > 1.05 mM), and 1% halothane 
contracture = 0.3 gm% (normal < 0.1 gm) (1). Micro- 
scopic examination of muscle sections revealed in- 
creased variation in fiber size, targetoid cells, and 
subsarcolemmal filamentous bodies (3-5). The ratio 
of type VII fibers was normal, 0.5. Maximum postsur- 
gical CK on the second postoperative day was 470 IU. 


March 21, 1985. On his twenty-first birthday, J.B. 
attended his birthday party at which he ingested both 
alcohol and cocaine. He was described by his girl- 
friend as being in an extremely excited frame of mind. 
Late in the evening he was found in his car by his 
girlfriend, was apparently difficult to understand, 
complaining of not feeling well, appearing quite 


ANESTH ANALG 395 
1988;67:393-9 


sweaty, and feeling hot. She drove J.B. to a hospital 
emergency room at 0315 hours and on returning to 
the car with assistance she found J.B. collapsed and 
unresponsive. The muscles of his legs were so rigid 
that he could not be got into a wheelchair. 

J.B.’s past MH history was unknown to the attend- 
ing staff in the emergency room. He was not wearing 
a Medic-Alert bracelet, and the girlfriend did not 
know he had MH. He was semiconscious so that no 
information could be clearly elicited from him. He 
was violently hyperventilating (48 breaths/min), agi- 
tated with pupils round, equal, and reactive to light. 
The jaw and the lower extremities were rigid and 
arched. While the skin was mottled, clammy, and 
cool, the Tr was 107°P. Blood pressure was 108/64 mm 
Hg. At 0326 hours, NaHco; 44.6 mEq was infused 
and nasal oxygen was given. The head of the bed was 
raised and attempts were made to get the patient to 
ventilate more slowly by having him breathe into a 
paper bag. The paper bag treatment was rapidly 
followed by respiratory arrest. At 0330 hours a sei- 
zure occurred. Serum potassium (K) was 5.9 mEq/L, 
blood CK 1510 IU (normal < 280 IU), blood lactic acid 
660 mg/dl, Pao, 79.1 mm Hg, pH 6.85, Paco, 101.3 
mm Hg, and base excess —19.8 mEq/L. A cardiac 
monitor revealed ventricular tachycardia for which 
lidocaine 100 mg was given. At 0335 hours an endo- 
tracheal tube was inserted against some resistance 
with the aid of diazepam 5 mg and cardiopulmonary 
resuscitation was commenced. Between 0336 and 
0352 hours, atropine 1.0 mg, diazepam 5 mg, hydro- 
cortisone 100 mg, naloxone 0.2 mg, procainamide 500 
mg, and NaHco3 133.8 mEq were given. Cardiover- 
sion at 400 watt-seconds was attempted unsuccess- 
fully three times. Pao, was 216.4 mm Hg, pH 6.93, 
Paco, 58 mm Hg, and base excess —22 mEq/L at 0400 
hours. Between 0405 and 0443 hours, the following 
drugs were given: NaHco, 178.4 mEq, furosemide 
120 mg, procainamide 250 mg, naloxone 1.5 mg, 
dopamine 800 mg in 500 ce IV fluid, and dantrolene 
sodium 80 mg. At 0447 hours a faint femoral pulse 
was obtained. Two further doses of 44.6 mEq of 
NaHco, were given. In spite of continued ventilation 
with 10 L/min of oxygen by endotracheal tube and 
Ambubag, Pao, was 72.5 mm Hg, pH 7.31, Paco, 63 
mm Hg, and base excess +3.9 mEq/L at 0455 hours. 
Because the pupils had become and remained fixed 
and dilated, and as pulmonary edema was present 
with a straight line ECG, the patient was declared 
dead at 0525 hours. 

Postmortem pathologic examination revealed 
marked rigor mortis of both lower extremities, hyper- 
trophy of calf and thigh muscles, marked scoliosis of 
the spine, frothy material in the trachea and bronchi, 
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edema and hemorrhage in both lungs, edema of the 
brain, mild congestion with brownish discoloration of 
the liver, congestion of the spleen, haemorrhagic 
areas in the thymus and congestion of both kidneys. 
Postmortem biochemical examinations were as fol- 
lows: urine cocaine 9.3 ug/ml, gastric fluid cocaine 
105.3 pg/13 ml, blood cocaine negative, liver cocaine 
negative; urine benzylconine (a metabolite of cocaine) 
positive, vitreous benzylconine negative; blood etha- 
nol 0.07%; brain ethanol 0.08%, vitreous CK 2,000 
IU/L, vitreous lactic acid 60 mg/dl, urine imipramine, 
desipramine, and phenothiazine, negative. 


C.B.L. (Mother of Proband) 


In 19€9 at age 34 years, C.B.L. was admitted to 
hospital for a hysterectomy. A repair of a Bartholin 
cyst in 1960 using cyclopropane had been uneventful. 
She exhibited joint hypermobility, extreme muscular- 
ity, and had repeated episodes of paroxysmal palpi- 
tations and allergy to penicillin. Blood pressure was 
150/92 mm Hg. Other aspects of her history and 
physical examination were normal. The ECG was 
normal except for low voltage in limb leads. Labora- 
tory data were normal. 

Induction of anesthesia was with thiopental, suc- 
cinylcholine, and halothane. The jaw muscles failed 
to relax and the temperature increased 3°F. Halo- 
thane was, therefore, discontinued, and recovery 
ensued without further treatment. 

In July 1974, at our institution an anesthetic for a 
skeletal muscle biopsy was given as described for her 
son. Both anesthesia and recovery were uneventful. 
The CHC test was positive for MH but less so than 
that of her son, J.B. (CSC was 3.35 mM, CSC-H 0.34 
mM, and halothane contracture 0.00 gm%). Micros- 
copy was normal except for excessive numbers of 
internal nuclei. On the first postoperative day, the 
serum CK increased to 310 IU. 


B.T. ‘Second Cousin Once Removed of Proband) 


B.T., a 24-year-old muscular white male, caught his 
hand in a press on April 19, 1974. The resulting 
pressure crushed the radial side of the right hand, 
necessitating emergency surgery. He had had a pre- 
vious tonsillectomy. Physical examination was nor- 
mal. An initial anesthetic for this injury with thio- 
pental, succinylcholine infusion, halothane, nitrous 
oxide and oxygen, lasted 4 hours and was unevent- 
ful. 

In an effort to obtain a more functional result, 
further surgery was proposed for the May 20, 1974. 
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At that time, B.T. denied any allergies and did not 
mention a family history of malignant hyperthermia. 
Premedication comprised meperidine 50 mg and at- 
ropine 0.6 mg. 

Induction was accomplished at 0900 hours with 
thiopental 250 mg and succinylcholine 50 mg. Intu- 
bation was performed without difficulty. Anesthesia 
was maintained with halothane, 50% N-O and 50% 
O,. Except for occasional assistance, the patient 
breathed spontaneously. Initially his color, BP, and 
HR were all within normal limits. However, from 
about 30 minutes after induction, the respiratory rate 
appeared intermittently to be in excess of 30 breaths/ 
min. 

While bandaging the wound at 1140 hours, the 
surgeon noticed extreme warmth of the skin and 
marked stiffness of the back muscles. The anesthetist 
decided to keep the patient in the operating room for 
some extra time because he was looking slightly pale. 
A few moments later the BP dropped to 90/60 mm Hg 
and oxygen was restarted. Over the next few min- 
utes, the BP increased to 110/70 mm Hg and the 
patient’s color improved. However respirations be- 
came more rapid and labored and cyanosis devel- 
oped. By 1215 hours, no pulse could be palpated. 
Reintubation was performed and external cardiac 
massage was begun. Epinephrine and sodium bicar- 
bonate were injected into the heart. Rectal tempera- 
ture was 108°F, so the lower body was packed in ice. 

Serum and blood biochemical values were: glucose 
356 mg%, urea nitrogen 21 mg%, uric acid 12.4 mg%, 
bilirubin 22 mg%, sodium 166 mEq/L, potassium 9.8 
mEq/L, calcium 9.1 mg%, phosphorus 18.4 mg%, 
magnesium 2.2 mg%, creatinine 2.3 mg%, CK 420 IU, 
GOT 79 IU, LDH 325 IU, Paco, 53 mm Hg, pH 7.32, 
and base excess —4 mEq/L. Because resuscitative 
efforts were of no avail the patient was declared dead 
at 1230 hours. 


April 1975. At age 14 years, E.B. jr, the proband’s 
paternal step-uncle, a muscular teenager, was admit- 
ted to our institution for a skeletal muscle biopsy for 
diagnosis of MH and repair of a left direct inguinal 
hernia. History and physical examination were nor- 
mal except for the hernia and a markedly hyperactive 
personality; serum CK was 35 [U. 

The anesthetic technique was as described for the 
patient’s nephew, J.B. Both anesthesia and recovery 
were uneventful. The CHC test was borderline nor- 
mal (CSC 4.45 mM, CSC-H 1.05 mM, and halothane 
contracture 0.00 gm). 


November 7, 1976. The maternal half-uncle of the 
proband, J.C., was admitted to our institution for 
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investigation of MH and a right ureteral lithotomy. 
Apart from symptoms and signs referable to the 
kidney stone, history and physical examination were 
normal. The admitting serum CK was 49 IU. The 
CHC test was negative for MH; CSC 9.6 mM, CSC-H 
1.44 mM, and halothane contracture 0.0 gm. 


Discussion 


In the above family, multiple reactions occurred— 
several clearly induced by anesthetic agents (as in the 
second reaction experienced by the proband, C.B., 
and the fatal crisis suffered by her second cousin once 
removed, B.T. For several other reactions, stress— 
either before or after anesthetic-related crises may 
have played a contributory role or even a definitive 
role. For C.B., stress may even have helped trigger 
her first reaction because she had been noted to be 
extremely apprehensive during the last hours preced- 
ing induction. Similar observations of preanesthetic 
apprehension have been recorded by other workers 
(6-9). The postanesthetic reactions sustained by the 
proband’s brother, J.B., may well have been entirely 
triggered by the stress of shivering induced by exter- 
nal cooling. Two reactions with fatal outcomes were 
totally unrelated to anesthesia. Thus the final fatal 
crisis suffered by C.B. appears to have been initiated 
by a combination of infection and stress, whereas in 
the reaction that killed her brother, J.B., emotional 
stress, cocaine and/or ethanol appear to have been 
responsible. 

Preoperative stress or its lack may help to explain 
why a patient may not develop a MH crisis until after 
having had one or more previous normal anesthetics. 
The early uneventful anethetics that preceded the 
MH reactions suffered by several members of this 
family may not have been associated with preanes- 
thetic nervousness, whereas the final anesthetics may 
well have been preceded by apprehension. Of course 
many other factors may also be responsible for the 
phenomenon of several normal anesthetics preceding 
an MH reaction, for example, severity of the defect; 
type of anesthetics used; duration of anesthesia; level 
of exercise and/or muscle trauma before anesthesia; 
preoperative elevated serum calcium level or infec- 
tion; and probably other as yet undefined factors. 

Stress—probably pain—, physical stimulation, fear 
and/or shivering (induced by a too low setting of the 
K thermia machine) may well have been mainly or 
entirely responsible for the mild pyrexic episode that 
developed in J.B., after apparently safe anesthetics 
(NO, Innovar and diazepam). Similar postnarcotic 
and tranquillizer reactions have previously been re- 
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ported by Grinberg et al. (10) and by Lerman and 
Relton (11). Stress may also partly help explain why 
MH reactions, clearly initiated by potent inhalation 
anesthetics and/or skeletal muscle relaxants, tend to 
recrudesce for some considerable time in the PAR 
and/or intensive care unit. 

For J.B., tne roles of cocaine, ethanol, and emo- 
tional excitement in inducing his final fatal reaction 
are unclear. -t could be that the three together each 
played a contributory role. On the other hand it 
might have teen that one alone was responsible for 
the crisis and its fatal outcome. An MH crisis trig- 
gered by cocaine alone has never been reported. 
Furthermore, we have, without serious ill effects, 
used a 5% cacaine spray on the vocal cords during 
induction of anesthesia in more than 3000 MHS 
patients. The reaction that occurred in J.B. developed 
3 hours after spraying the cords with cocaine and, 
therefore, was probably not secondary to use of this 
drug. On the other hand, lethal fever has been 
blamed for sudden death in individuals addicted to 
cocaine (12). Cocaine appears to elevate body temper- 
ature by potentiating the responses of sympatheti- 
cally innervated organs, increasing muscle activity, 
and by stimulating the central temperature regulating 
center (12). The amount of cocaine absorbed into the 
blood stream after spraying of the vocal cords with 
cocaine spray is minute compared to that found in the 
blood of JB at postmortem examination. Such small 
amounts appear to be safe for analgesia of the vocal 
cords in MH53 patients. Large amounts, however, 
may not be safe for these patients. It should be noted, 
however, thatthe postmortem levels of cocaine in the 
urine and stomach, and of its metabolite benzylco- 
nine in the urine of JB were fairly modest, although 
undoubtedly considerably higher than those ob- 
served after spraying the vocal cords with 5% co- 
caine. 

J.B. had a history of prior excessive use of ethanol 
which had on at least one occasion required a visit to 
a hospital emergency room. This abuse, however, 
had not previously resulted in pyrexia or other signs 
of MH. Nevertheless, it is known that in patients 
with severe MH whose skeletal muscles develop 
contractures in the presence of halothane alone, 
ethanol alone also causes contractures that closely 
resemble those induced by halothane (Fig. 2). Such 
ethanol-induced contractures are never observed in 
normal skeletal muscle fascicles. Additionally, J.B. 
Peter (persona. communication) has described multi- 
ple deaths in a family after ingestion of small amount 
of ethyl alcohcl. We observed a similar family in the 
late 1960s. Tke proband, a 16-year-old boy, died 
shortly after drinking his second glass of alcohol. His 
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Figure 2. Effect of ethanol on resting tensions on normal and MHS 
skeletal muscle facsicles. Muscle obtained from an individual with 
no history of MH in himself or his relatives and with a caffeine 
halothane contracture test in the normal range (with CSC > 4.1 
mM and CSC-H > 1.05 mM) developed no contracture in the 
presence of 0.4 M ethanol. On the other hand, muscle obtained 
from a patient who had an MH reaction and a caffeine halothane 
contracture test in the MH range (CSC < 4.1 mM and CSC-H < 
1.05 mM) developed a marked and sustained contracture in the 
presence of 0.02 M ethanol. 


sister was, therefore, investigated at our institution. 
As part of this investigation she was given 2 ounces 
of gin in two divided doses to drink while her ECG 
and temperature were being monitored. After the 
second ounce she developed fever, chest pain, and 
signs of a myocardial infarct on the ECG. She spent 
11 days in the coronary care unit. This case occurred 
before skeletal muscle biopsies for MH were being 
done, so the relation between MH and ethanol- 
induced crises has never been proven. Their similar- 
_ ity to anesthetic-induced MH is, however, sufficiently 
great that their identity cannot be ruled out. 

:J.B. was said to be extremely excited emotionally 
during the course of the evening’s festivities. The role 
of. this type of stress in inducing nonanaesthetic 
related human MH reactions has remained obscure 
and controversial. However, for many years emo- 
tional stress has been known to trigger MH crises in 
pigs (13-26). Recently a few reactions have occurred 
in human MHS patients that appear to have been 
caused at least in part by emotional stress (9,27—-29). 
’ For example, Gronert et al. (29) in 1980 described a 
42-year-old man who répeatedly developed episodes 
of fever, diaphoresis, malaise, fatigue, muscle pain, 
and weakness. On muscle biopsy the CHC test was 
positive for MH. Oral dantrolene sodium therapy 
provided prompt remission of symptoms and signs. 
In our laboratory we have investigated a patient with 
similar clinical picture and CHC test results. His 
symptoms and signs disappeared after initiation of 
oral dantrolene therapy. The repeated reactions in 
our patient—a middle-aged man who was the owner 
of a sizable business concern—occurred always at 
times when he was enduring great mental stress at 
work. Wingard (9,30,31) has described a family in 
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which 11 members had anesthetic-induced reactions 
while another 12 had stress-induced MH reactions. In 
one of the latter, a movie film documenting the 
muscle spasms was obtained. 

The final reaction that terminated the life of C.B. 
appears to have been initiated by a flu-like illness. 
Whether the sudden rise in the temperature to 108°F 
accompanied by rigidity and cyanosis was due solely 
to an influenzal virus, or at least in part to an MH 
reaction triggered by either the early low-grade viral 
fever or by the Vick’s Vapo Rub cannot be ascer- 
tained. We have, however, observed on a number of 
occasions that in MHS patients, fevers during appar- 
ently benign respiratory infections become much 
higher than expected. It may be, therefore, that fever 
itself may be able to kindle a MH crisis. Such MH 
reactions may occur not only secondary to infections, 
but also secondary to strenuous exercise in hot 
weather as demonstrated by Denborough (32). Addi- 
tionally, it should be noted that Vicks Vapo Rub 
contains camphor 5%, eucalyptus 1%, cedar of oil 
compound 0.5%, nutmeg oil 0.5%, menthol 2.6%, 
thymol 0.8%, and spirits of turpentine 4.5%. Both 
menthol and thymol are alcohols and we have noted 
that thymol causes contractures in MHS muscle that 
resemble halothane-induced contractures. 


Conclusions 


We have described a MH family in which reactions 
appear to have been triggered by a variety of fac- 
tors—anesthetics (halothane, cyclopropane), suc- 
cinylcholine, and perhaps stress (emotional excite- 
ment and infection) and abuse of drugs (cocaine and 
ethanol). In several reactions more than one factor 
was present. Which of these played the most major 
role in initiating and sustaining each of the reactions 
is not clear, but it is evident that these various 
triggers (particularly in combination) must be 
avoided by MHS individuals. Until the relative roles 
played by these various factors in triggering MH 
crises are better understood, those at risk for MH 
should be advised of the possibility that stress, alco- 
hol, and cocaine, particularly in combination, may be 
capable of triggering MH reactions. This advice 
should especially be given to members of those 
families in which one or more reactions triggered by 
such factors have already occurred. 
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Pulmonary embolism occurs rarely during surgery, 
including liver transplantation, although posttrans- 
plantation pulmonary embolism has been reported 
(1~7). Usually, pulmonary embolism occurs in pa- 
tients without liver disease. It would seem unlikely to 
occur in patients undergoing liver transplantation, 
who have deficient levels of coagulation factors and 
low platelet counts. We present a case of fatal mas- 
sive pulmonary embolus in a patient undergoing liver 
transplantation. No previous cases have been re- 
ported in the literature. 


Case Report 


A 30-year-old, 53-kg woman was transferred to our 
hospital 4 days after the onset of acute fulminant 
hepatitis. She was somnolent and unresponsive. Past 
medical history was unremarkable except for possible 
intravenous drug abuse. Physical examination re- 
vealed a comatose patient on mechanical ventilation. 
Blood oressure was 150/80 mm Hg; the heart rate was 
regular at 60 beats/min. Other findings included 
jaundice and absent pupillary responses. 
Coagulation studies showed prothrombin time, 45 
seconds (control, 25 seconds); activated partial 
thromboplastin time, 64 seconds (control, 25 sec- 
onds); and platelet count, 89,000/mm°. Chest radio- 
gram, ECG, and other laboratory data were within 
normal limits. Serology studies were positive for 
hepatitis B surface antigen, antibody, and core anti- 
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gen, and for hepatitis A antibody. A computed tomo- 
gram of the head showed small ventricles suggestive 
of diffuse mild cerebral edema. The patient was 
receiving fresh frozen plasma at 800 ml/hr and plate- 
lets, 10 units per infusion, as indicated by thrombe- 
lastographic monitoring. Preoperative medications 
included lactulose and dexamethasone. After 1 day of 
hospitalization, the patient’s condition did not im- 
prove, and a liver transplantation was scheduled. 

Before the induction of anesthesia, two 8.5F cath- 
eters, a right radial artery catheter and a right internal 
jugular pulmonary artery catheter, were placed. In- 
traoperative monitoring included ECG, blood pres- 
sure, central venous pressure (CVP), pulmonary ar- 
tery pressure (PAP), pulmonary capillary wedge 
pressure (PCWP), cardiac output (CO), and mass 
spectrometry. Coagulation was monitored by coagu- 
lation profile and thrombelastography (TEG). 

Anesthesia, induced with lorazepam 2 mg and 
fentanyl 0.25 mg and followed by pancuronium 4 mg, 
was maintained with isoflurane and intermittent ad- 
ministration of pancuronium and fentanyl. Physio- 
logic variables measured after the induction of anes- 
thesia were within normal limits. 

The dissection and isolation of the diseased liver 
were uneventful, and vital signs remained stable. By 
the time of removal of the diseased liver, the patient 
had received five units of packed red blood cells, 
five units of fresh frozen plasma, and ten units of 
platelets. Prothrombin time and activated partial 
thromboplastin time were prolonged: 45 seconds and 
60.4 seconds, respectively. Platelet count was 
187,000/mm°. Fibrinogen level was 280 mg/dl, and 
fibrin degradation products were negative. Blood 
coagulability was monitored by TEG, as described by 
Kang et al. (8). 

The venovenous bypass system consisted of in- 
flow of blood from the left femoral and portal veins, 
a Biomedicus centrifugal pump, and outflow to the 
left axillary vein. The inflow and outflow tubings 
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were heparin-coated (Gott Aneurysm shunt). The 
system was primed with Plasmalyte solution before 
institution of bypass. The bypass flow was main- 
tained at 3 L/min, and vital signs did not change 
significantly: blood pressure was 130/80 mm Hg, 
heart rate 90 beats/min, CVP 8 mm Hg, PAP 26/14 
mm Hg. Hepatitis B immune globulin (100 ml) was 
infused intravenously in an attempt to eradicate the 
hepatitis virus. After 10 minutes of bypass, acute 
hemodynamic changes occurred while the suprahe- 
patic inferior vena caval anastomosis was being per- 
formed. The blood pressure decreased to 60/40 mm 
Hg and heart rate to 30 beats/min, PAP increased to 
100/40 mm Hg, and CVP to 50 mm Hg, while PCWP 
decreased to 2 mm Hg. The end-tidal CO, measured 
by mass spectrometry, decreased to 0.92%. Bilateral 
breath sounds were equal. An air embolus was sus- 
pected, but two aspirations of the central venous and 
pulmonary artery catheters revealed no air. Acute 
pulmonary thromboembolism was then diagnosed. 
Resuscitative measures were carried out immediately 
using atropine 1 mg, epinephrine 1 mg, CaCl, 1 g, 
and NaHCO, 50 mEq. The vital signs deteriorated 
rapidly. Closed- and then open-chest cardiac mas- 
sage was performed but did not improve the patient's 
hemodynamics, and the patient died intraopera- 
tively. 

Postmortem examination revealed 150 ml of soft 
thrombus in the right atrium, right ventricle, pulmo- 
nary arterial trunk, and both proximal pulmonary 
arteries. 


Discussion 


Intraoperative pulmonary embolism is uncommon, 
but its acute effects on the cardiopulmonary system 
can be major. The severity of these effects is deter- 
mined by the extent of the embolic occlusion and the 
hemodynamic condition of the patient before it oc- 
curs. The hemodynamic and pulmonary changes 
have been described by McIntyre and Sasahara (9). In 
a healthy subject, the right ventricle can function 
without signs of pulmonary hypertension if the pul- 
monary vascular bed is occluded <50% (10). Beyond 
50% occlusion of the pulmonary vascular bed, acute 
cor pulmonale occurs, with a reduction in forward 
blood flow. In a patient with impaired right ventricu- 
lar function, cor pulmonale may develop with less 
obstruction. Our patient had almost total obstruction 
of the pulmonary artery, evidenced by very low 
PCWP, sinusoid radial arterial waveform, and unsuc- 
cessful attempts at resuscitation. 

In our patient, pulmonary air embolus was initially 
suspected. Air embolism has been reported to occur 
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in patients with liver disease, owing to right-to-left 
shunting, and during major vascular surgery such as 
liver surgery. Failure to aspirate air from central 
venous catheters made the diagnosis of air embolism 
less likely and thromboembolism far more likely. 

The treatment of thromboembolism consists of 
halting the embolic process, restoring the pulmonary 
vascular bed to as normal a state as possible by using 
inotropes to increase forward flow, and providing 
thrombolytic therapy with streptokinase, urokinase, 
and heparin. Pulmonary embolectomy, even when 
experienced personnel and equipment are available, 
is now rarely performed (10,11). The mortality rate 
among patients with massive pulmonary embolism is 
about 75% in the first hour (6). In this patient emer- 
gency pulmonary embolectomy might have increased 
blood flow to the left side of the heart, but it was not 
attempted because of the high mortality associated 
with pulmonary embolism with or without pulmo- 
nary embolectomy. 

The cause of pulmonary embolism in this patient 
remains uncertain. In patients with end-stage liver 
disease, decreased levels of coagulation factors and 
platelets are common owing to impaired hepatic 
synthetic function and to splenic pooling, which 
removes circulating platelets. With these conditions, 
thrombus formation in our patient was unlikely. On 
the other hand, disseminated intravascular coagula- 
tion (DIC) is reported to occur in patients with liver 
disease because of a rapid turnover of fibrinogen, 
fibrinolysis, and generalized thrombus formation in 
the systemic circulation. All these factors may have 
caused thromboembolism in this patient. Autopsy 
findings in cirrhotic patients have shown a very high 
incidence of thrombosis of the major vessels, includ- 
ing the portal vein and esophageal varices. Fibrin 
deposits in the capillaries, a common feature in DIC, 
are not found in the cirrhotic patients (9,12). Al- 
though Mant and King (13), in a study of severe, 
acute DIC, concluded that large-vessel thrombosis 
(predominantly venous) is relatively common in as- 
sociation with DIC, heparin is seldom used in the 
medical management of DIC. Our patient had a 
relatively short course of hepatic dysfunction, but 
thrombus formation in the portal and systemic ve- 
nous system is possible. If the patient had preexisting 
thrombus formation in major vessels, it could have 
migrated to the pulmonary artery via the venovenous 
bypass system, which has little resistance (14). 

Our patient received hyperimmune globulin intra- 
operatively before the embolic episode. Antigen—an- 
tibody complex formed as a result of this therapy 
could have activated the intrinsic pathway of the 
coagulation cascade (15). Whether the formation of 
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such complexes between circulating viral antigens 
and administered immunoglobulins could have 
played a role in the formation of thrombus is uncer- 
tain. Epsilon-aminocaproic acid has been shown to 
treat fibrinolysis during liver transplantation when 
used in small doses. Large doses, however, can cause 
thrombus formation (16). No epsilon-aminocaproic 
acid was given to this patient. 

Overzealous correction of coagulopathies could 


have contributed to thrombus formation. However, — 


the coagulation profile and thrombelastogram 
showed poor coagulation, possibly from deficient 
platelets and dilutional coagulopathy. The throm- 
boembolism could have been caused by acceleration 
of coagulation by the contact of blood with the 
venovenous bypass system. Although the centrifugal 
pump was not heparinized, the tubing was heparin- 
coated. The system has been used experimentally in 
healthy animals at our institution, and thrombus 
formation was not observed, even in low-flow states 
(<1 L/min). Heparin may be given before instituting 
bypass to prevent thrombus formation. However, 
our early experience showed us that systemic hepa- 
rinization caused devastating coagulopathy and un- 
controllable bleeding. Further study is needed to 
assess whether or not the use of heparin to prime the 
system would prevent thromboembolic phenomena. 

In summary, we have described a case of fatal 
pulmonary thromboembolism in a patient undergo- 
ing liver transplantation. Its possible causes include 
DIC, overzealous treatment of DIC, hyperimmune 
globulin and viral antigen complex formation, and 
lack of heparinization in the centrifugal pump used 
for venovenous bypass. 


We thank Ms. Lisa Cohn for editing the manuscript. 
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with Oxymorphone 
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Oxymorphone (Numorphan), a potent, semisyn- 
thetic opioid analgesic with pure agonist properties, 
is being used with increasing frequency as the nar- 
cotic base of balanced anesthesia (1,2). Oxymorphone 
analgesia is associated with respiratory depression, 
but delayed postoperative respiratory depression has 
not been reported. A case of delayed postoperative 
respiratory depression after anesthesia with oxymor- 
phone as its main component is described. 


Case Report 


A 51-year-old, 75-kg woman with ovarian adenocar- 
cinoma was scheduled for a “second-look” laparot- 
omy. She had undergone a radical hysterectomy as 
well as other surgical procedures in the past, without 
problems. Radiation and chemotherapy were admin- 
istered 1 year before admission without sequelae. She 
was neither cachectic nor dehydrated. 
Premedication was administered with triazolam 
(Halcion) 0.25 mg. In addition, IV midazolam was 
administered (2 mg preoperatively and 1 mg intraop- 
eratively). The dosage of oxymorphone (0.1 mg/kg) 
was calculated on the basis of recent reports describ- 
ing the use of oxymorphone as the primary compo- 
nent of balanced anesthesia for surgical procedures of 
moderate to long duration (1,2). Oxymorphone 7.5 
mg was administered IV in 1.5-mg increments over 10 
minutes. It has been suggested that the potency of 
oxymorphone ranges between seven and ten times 
that of morphine, so that our calculated dose of 
oxymorphone would have been roughly equivalent 
to the administration of 50 to 75 mg morphine sulfate 
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for this 75-kg patient. The patient demonstrated mild 
euphoria, respiratory rate decreased to 12 breaths/ 
min, but there was no loss of consciousness, chest 
wall rigidity, or alterations in blood pressure or pulse 
rate. In the cperating room, the anesthetic induction 
was completed after the administration of curare 3 
mg, with thiopental 175 mg and lidocaine 100 mg, 
followed by succinylcholine 100 mg. The trachea was 
intubated, and anesthesia was maintained with 70% 
nitrous oxide in oxygen. Atracurium was adminis- 
tered in doses sufficient to preserve two twitches on 
the train-of-four. Pulse, blood pressure, and temper- 
ature remained stable throughout, and at the end of 
the 3-hour and 30-min procedure muscle relaxation 
was reversed with edrophonium 60 mg and atropine 
0.4 mg. One to 2 minutes after 100% oxygen was 
administered the patient could follow simple com- 
mands (sustained head lift, hand grasp, vital capac- 
ity), and her trachea was extubated. 

On admission to the postanesthesia care unit 
(PACU), nursing records indicate that the patient was 
“extremely comfortable; respirations: deep; color: 
pink; temperature 36.5°C, blood pressure 120/80 mm 
Hg, pulse rate 85 beats/min, respiratory rate 16 
breaths/min.” Vital signs 55 minutes later on dis- 
charge from the PACU and return to the patient's 
room were unchanged except for an increase in 
respiratory rate to 22 breaths/min. The patient was 
coherent, moved herself to her bed, and declined 
pain medications. Nursing notes indicate that the 
“patient was talking and laughing and excited about 
outcome of surgery.” Thirty minutes later the nurs- 
ing staff was informed by her husband that she had 
become gradually less responsive. The patient was 
unrousable, cyanotic, and respirations were absent. 
A code signifying cardiorespiratory arrest was an- 
nounced, although pulse and blood pressure were 60 
beats/min and 120/80 mm Hg, respectively. Intuba- 
tion of the trachea was delayed to observe the re- 
sponse to a trial of naloxone. She became responsive 
within 30-60 seconds of the IV administration of 0.4 
mg naloxone, and thereafter had an uneventful re- 
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covery. A venous blood sample obtained before treat- 
ment with naloxone had a pH of 7.11, Pvco, of 79 mm 
Hg, and Pv, of 26 mm Hg. Ten minutes after 
treatment, an arterial blood sample obtained while 
the patient breathed 40% oxygen showed a pH of 
7.33, Paco, of 38 mm Hg, and Pao, of 185 mm Hg. 


Discussion 


The duration of analgesic action of oxymorphone 
ranges from 4 to 6 hours. This report documents 
profound respiratory depression occurring 542 hours 
after drug administration, and following a 1 hour ard 
35 minute period during which the patient was 
breathing adequately. 

Predisposing factors that might increase sensitivity 
to respiratory depression were sought. There were no 
abnormalities in hepatic or renal function, tempera- 
ture was normal, and no additional drugs had been 
administered inadvertently. We believe that the pa- 
tient’s apparent full recovery from anesthesia was 
related to continuous environmental stimulation dur- 
ing one-on-one postanesthesia nursing care. The pos- 
sibility that latent peak plasma concentrations may 
occur with oxymorphone, as observed with fentanyl 
(3), deserves consideration. 


CLINICAL RFPORTS 


We are not aware of any report of profound 
respiratory depression occurring so long after the 
administration of oxymorphone after apparent full 
recovery. We recommend careful observation for a 
prolonged period after the administration of large 
doses of oxymorphone. Based on other reports of 
prolonged narcosis in elderly patients receiving mor- 
phine (4), meperidine (5), and fentanyl (6), additional 
caution should be exercised in the aged patient. 
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Use of narcotics and benzodiazepines in patients with 
malignant hyperthermia (MH) is generally consid- 
ered safe (1). Nevertheless, new drugs of either type 
can be considered safe only after undergoing testing 
in malignant hyperthermia-susceptible (MHS) ani- 
mals and/or after uneventful clinical use in known 
MHS patients. There are no reports of the use of 
sufentanil and/or midazolam in such settings and the 
cases described herein are believed to be the first 
description of the safe use of these agents in three 
MHS patients. 


Report of Three Cases 
Case 1 


The patient was a 13-year-old, 72-kg male with a 
history of histopathologically proven Duchenne’s 
muscular dystrophy who was scheduled for posterior 
spine fusion with rod placement for progressive 
kyphosis. A prior anesthetic for eye muscle surgery at 
4 years of age triggered an episode of successfully 


treated MH, later proven by halothane-caffeine con- . 


traction testing of vastus lateralis muscle. Preopera- 
tive evaluation revealed a moderately obese young 
male with thoracolumbar kyphosis, upper and lower 
limb contractures and proximal muscle weakness. An 
echocardiogram demonstrated dilation and impaired 
contractility of the left ventricle consistent with a 
cardiomyopathy. Pulmonary function tests demon- 
strated a moderately severe restrictive defect with 
60% of predicted vital capacity and FEV,/FVC equal- 
ing 0.92. The patient took no medications preopera- 
tively. 
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Preanesthetic medication consisted of 10 mg diaz- 
epam orally. Dantrolene (2.5 mg/kg) and cefazolin 
were administered IV in the anesthesia preparation 
area. Twenty minutes later anesthesia was induced 
with 100 mg thiopental, 100 ug sufentanil, and 5 mg 
midazolam IV. Muscle relaxation was achieved with 6 
mg vecuronium, which completely ablated all cuta- 
neous nerve stimulator response. After tracheal intu- 
bation, anesthesia was maintained with 50% nitrous 
oxide and continuous infusions of 0.5 ug-kg~*-hr? 
sufentanil and 0.1 mg-kg~*-hr~* midazolam. Ventila- 
tion was controlled using a nonrebreathing system 
(Siemen’s Elema Servo Ventilator 900C). Monitoring 
included continuous ECG, intraarterial and central 
venous pressure, central venous oxygen saturation, 
pulse oximetry, capnography, rectal temperature and 
somatosensory evoked potentials using the posterior 
tibial nerves. Neuromuscular blockade was moni- 
tored (with a peripheral nerve stimulator applied 
over the ulnar nerve). Additional increments of ve- 
curonium (0.5 mg IV x 2) were administered over the 
ensuing 6.5 hours to maintain blockade of the first 
three of a train-of-four twitches. Three hours elapsed 
from the induction dose of vecuronium until any 
twitch response occurred. The intraoperative course 
was uneventful (arterial blood pressure ranged be- 
tween 90-110/60—-70 mm Hg, temperature between 
35.9 to 36.5°C, heart rate 80-90 beats/min without 
arrhythmias, end-tidal CO, 26-34 mm Hg, base def- 
icit 0 to —2 mEq/L, and no venous oxygen desatura- 
tion throughout). Residual muscle relaxant was re- 
versed with 20 mg pyridostigmine and 0.4 mg 
glycopyrrolate and the patient extubated awake and 
pain-free 10 minutes after arrival in the recovery room. 

The patient’s postoperative course was similarly 
uneventful, except for two elevations of temperature 
to 39.1°C, which were unaccompanied by any other 
changes in vital signs, metabolic or respiratory acido- 
sis, or venous desaturation. These temperature ele- 
vations were believed to be secondary to atelectasis 
that was roentgenographically documented. Twenty- 
four hours postoperatively serum creatine phospho- 
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kinase {CPK} was 826 IU/L (nl, 25-145), an increase 
above preoperative levels (468 IU/L) attributed to 
surgical muscle trauma. No dantrolene was adminis- 
tered in the postoperative period and the patient was 
discharged 10 days later. 


Case 2 


The patient was a muscular 17-year-old, 76-kg male 
with the diagnosis of hereditary spherocytosis who 
was brought to the operating room for splenectomy. 
At the age of 9 years, severe masseter spasm and 
tachycardia during induction of anesthesia for tonsil- 
lectomy prompted cancellation of surgery. Subse- 
quent halothane-caffeine muscle contraction testing 
was positive for MHS. Preoperative medications in- 
cluded hydrocortisone, pneumococcal vaccine, and 
cefazolin. Preoperative laboratory tests revealed a 
normal serum CPK level and a hemoglobin level of 
9.6 g/dl. After oral premedication with 10 mg diaze- 
pam, an intravenous catheter was inserted and dan- 
trolene (2.5 mg/kg) was administered. Induction of 
anesthesia and tracheal intubation were achieved 
with 125 ug sufentanil, 7 mg midazolam, and 6 mg 
vecuronium. Anesthesia was maintained for 2.5 
hours with 50% nitrous oxide and continuous infu- 
sions of 0.5 pg-kg~’-hr-! sufentanil and 0.1 
mg-kg `*hr“? midazolam. Ventilation was controlled 
with a nonrebreathing system (Siemen’s Elema, 
servo ventilator 900C). 

Monitoring included continuous intraarterial, cen- 
tral venous and pulmonary artery pressures, ECG, 
rectal and pulmonary artery temperature, pulse oxi- 
metry, oximetric mixed venous oxygen saturation, 
capnography, and neuromuscular blockade monitor- 
ing. Intraoperatively, systemic blood pressure ranged 
between 100-130/60-76 mm Hg, bladder temperature 
36.4-37.2°C, heart rate 90-110 beats/min without 
arrhythmias, end-tidal CO, 28-34 mm Hg, base def- 
icit 0 to —2 mEq/L, and mixed venous oxygen satu- 
ration 58-71% throughout. No additional doses of 
vecuronium were needed to maintain blockade of 
three of the train-of-four twitches for 3 hours, at 
which time residual neuromuscular blockade was 
reversed with 5 mg neostigmine and 0.6 mg gly- 
copryrrolate. The patient was extubated, awake, and 
pain-free in the operating room. The postoperative 
course was uneventful except for temperature eleva- 
tions (maximum of 37.9°C) beginning 32 hours after 
surgery that were unaccompanied by any other signs 
of MH. The fever decreased after incentive spiro- 
metry was begun. Serum CPK levels were within the 
range of normal laboratory values 8, 24, and 48 hours 
postoperatively. 
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Case 3 


The patient was a 52-year-old, 98-kg male undergoing 
resection of an abdominal aortic aneurysm and renal 
artery revascularization. A family history of MHS 
(two nephews) prompted preoperative halothane- 
caffeine muscle contraction testing that was strongly 
positive. His only prior exposure to anesthesia was 
for a toe amputation performed under spinal anes- 
thesia. Past history was significant for an old myo- 
cardial infarction, chronic atrial fibrillation, and mild 
obstructive lung disease. The patient was receiving 
digoxin for control of heart rate. Preoperative labora- 
tory evaluation demonstrated mild polycythemia (he- 
moglobin 15.8 g/dl) and a normal serum CPK level. 
After oral premedication with 15 mg diazepam, an IV 
infusion of 2.5 mg/kg dantrolene was administered. 
Induction of anesthesia and tracheal intubation were 
achieved with 175 yg sufentanil, 9 mg midazolam, 
and 10 mg vecuronium, which completely ablated all 
twitches from a cutaneous nerve stimulator. Anesthe- 
sia was maintained for 5 hours with 50% nitrous 
oxide and continuous infusions of 0.5 wg-ke™*-hr7? 
sufentanil and 0.1 mg-kg™'-hr~* midazolam. Ventila- 
tion was controlled using a nonrebreathing system as 
in the first two cases. 

Monitoring included continuous intraarterial, cen- 
tral venous and pulmonary artery pressures, ECG, 
rectal and pulmonary artery temperatures, pulse oxi- 
metry, oximetric mixed venous oxygen saturation, 
capnography, and neuromuscular blockade monitor- 
ing. There was complete abolition of twitches for 3 
hours and subsequently 1 mg of vecuronium pro- 
duced blockade of three of the train-of-four twitches 
for an additional 2.5 hours. Intraoperatively systemic 
blood pressure ranged between 150-110/84-56 mm 
Hg, core temperature 36.3-36.6°C, heart rate 56-80 
beats/min without any change in rhythm, pulmonary 
capillary wedge pressure 9-16 mm Hg, cardiac output 
4.2-5.2/L min, end-tidal CO, 29-36 mm Hg, base 
deficit 0 to -2 mEq/L, and mixed venous oxygen 
saturation 66-68% throughout. Intravenous nitro- 
glycerin was used during aortic cross-clamping and 
was not needed after revascularization. No bicarbon- 
ate was administered at any time. Abolition of three 
of the train-of-four twitches was present at the end of 
surgery. Residual muscle relaxant was reversed with 
20 mg pyridostigmine and 0.6 mg glycopyrrolate, and 
after discontinuing NO, the patient was awake, 
comfortable, and extubated 3 hours later in the inten- 
sive care unit. 

The patient’s postoperative course was uneventful 
except for a mild increase in serum creatinine to 1.6 
mg/dl from 1.3 mg/dl. He had no fever, changes in 
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vital signs, acidemia, or venous desaturation. Twen- 
ty-four hours after surgery the serum CPK level was 
normal. No dantrolene was administered after the 
initial preoperative dose. 


Discussion 


The effects of midazolam on directly stimulated mus- 
cle biopsies from control and malignant hyperther- 
mia-positive patients has been studied (2). There 
appear to be no detectable effects on muscle contrac- 
tion in MHS or control preparations and no interac- 
tions between midazolam and either halothane or 
caffeine on the resting tension of directly stimulated 
muscle. Nonetheless, clinical trials remain the only 
means of determining the potential of a drug to 
produce MH in humans with known MHS. The 
manufacturers of midazolam and sufentanil were 
unable to provide information on the use of either 
drug in MHS patients. In addition, there are no 
studies reporting the use of sufentanil in MHS ani- 
mals. We believe these cases are the first reports of 
safe clinical use of sufentanil and midazolam in 
patients susceptible to malignant hyperthermia. 

The anesthetic techniques employed in these cases 
involved the use of a “loading” dose of each agent 
and then continuous infusions to avoid fluctuations 
in serum drug levels, to minimize the total adminis- 
tered dose and to provide a more stable level of 
neuroleptanesthesia. Avoidance of stimulation dur- 
ing light anesthesia is important in avoidance of 
triggering of MH responses (1). This technique also 
allows for smooth, rapid awakening with resumption 
of spontaneous ventilation while providing initial 
postoperative analgesia. We have successfully em- 
ployed this technique in a variety of patients and 
surgical procedures with success and this prompted 
its trial in these MHS patients. Additionally, the 
pharmacokinetic profile of these three agents pro- 
vides the clinician with a broader choice for MH- 
susceptible patients, especially during procedures of 
short-to-moderate duration. 

Although it has been shown that vecuronium is 
not a trigger of MH in susceptible pigs (3), its use in 
patients with biopsy-proven MHS has not been re- 
ported. We used it with care because of the reports of 
prolonged vecuronium neuromuscular blockade in a 
patient receiving dantrolene (4) (because of a family 
history of MH). We similarly noted an abnormal 
prolongation of clinical relaxation caused by vecuro- 
nium after pretreatment with dantrolene, especially 
in the first patient who also had proximal muscle 
weakness secondary to Duchenne’s muscular dystro- 
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phy (complete neuromuscular blockade lasting 3 
hours after 0.08 mg/kg vecuronium). The second and 
third patients also had an unusually long duration of 
action of vecuronium despite normal temperature, 
acid-base, and electrolyte status, and lack of exposure 
to aminoglycosides. Dantrolene in doses <2 mg/kg 
has been shown to cause a dose-dependent depres- 
sion of twitch tension in humans (5). Dantrolene 
mainly acts to interfere with sarcoplasmic calcium 
transport, but also may affect release of calcium from 
storage sites in the cholinergic nerve terminal with a 
resultant decrease in transmitter mobilization at the 
neuromuscular junction (6). The latter effect may be 
responsible for the prolonged muscle paralysis from 
vecuronium after dantrolene pretreatment. It appears 
that vecuronium should be used with careful moni- 
toring of neuromuscular function whenever dan- 
trolene is administered, especially in the presence of 
myopathies not due to ME alone. 

Additionally, the first case is another demonstra- 
tion that patients with Duchenne’s muscular dystro- 
phy are susceptible to malignant hyperthermia (7), 
and that it is important to maintain a high degree of 
suspicion of the increased potential for MH in pa- 
tients with eny signs of muscular dystrophy who 
require anesthesia. 

Anesthesia-induced malignant hyperthermia can 
be difficult to diagnose clinically because the full 
syndrome is not always manifested. Based on our 
observations of no pyrexia, muscle rigidity, acidosis, 
Paco, elevations, venous oxygen desaturation, lack 
of arrhythmias, or unexplained postoperative serum 
creatine phosphokinase elevations, we believe this 
suggests that midazolam, sufentanil, as well as vecu- 
ronium can be safely used in known MH-susceptible 
patients. Because malignant hyperthermia-suscep- 
tible swine are much more sensitive to triggers than 
are humans, controlled testing in MHS swine is 
needed to further confirm the safety of these useful 
drugs in MHS patients. 

In summary, this is the first report of the safe use 
of sufentanil and midazolam in three patients with 
biopsy-documented malignant hyperthermia syn- 
drome. We believe the use of loading doses of each 
agent followed by continuous infusions is a technique 
that provides the clinician another choice for short- 
to-intermediate length procedures requiring general 
anesthesia in MHS patients. 
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Epidural opioids, injected at either a thoracic or 
lumbar level, provide long lasting pain relief after 
thoracic operations (1-5). We report the successful 
use of caudal morphine for analgesia after a pulmo- 
nary resection in a patient who had a recent lumbar 
laminectomy. 


Case Report 


A 58-year-old man with chronic low back pain under- 
went lumbar laminectomy at the L34 level. On the 
morning of surgery, a chest x-ray revealed a suspi- 
cious lesion in his left upper lobe. Seven days after 
the laminectomy, he returned to the operating room 
for a thoracotomy. 

Past medical history was significant for acromegaly 
treated by transsphenoidal hypophysectomy 6 years 
before the current admission. Physical examination 
revealed a 91-kg, 180-cm male with acromegalic facial 
features. Blood pressure was 110/66 mm Hg, heart 
rate 54 beats/min, and respiratory rate 14 breaths/ 
min. The chest was clear to auscultation. 

The patient was unpremedicated. In the operating 
room intravenous and radial artery catheters were 
inserted. While in the prone position, an epidural 
catheter was advanced 3 cm past the end of a needle 
inserted into the caudal canal. After the catheter was 
taped to the skin, the patient returned to the supine 
position. A test dose of 4 ml of 1.5% lidocaine with 
1/200,000 epinephrine was administered through the 
caudal catheter. The patient remained hemodynami- 
cally stable. Five minutes later an additional 1.5% 
lidocaine with 1/200,000 epinephrine to a total vol- 
ume of 35 ml was injected through the catheter. After 
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10 minutes, decreased sensation to pinprick was 
apparent to a T6 dermatomal level bilaterally. 

The patient was then given 100% oxygen for 2 
minutes, followed by intravenous thiopental for in- 
duction of general anesthesia. Succinylcholine was 
given to facilitate intubation with a 41F polyvinyl 
chloride double-lumen endobronchial tube. General 
anesthesia was maintained with isoflurane (1%) and 
oxygen throughout the 150-minute procedure. The 
patient received small amounts of pancuronium for 
relaxation. Approximately 75 minutes after the initial 
caudal injection of lidocaine, a second injection of 35 
ml of 1.5% lidocaine with 1/200,000 epinephrine was 
given to supplement the general anesthesia. Sixty 
minutes before the completion of surgery, 10 mg of 
preservative-free morphine sulfate in 20 ml of saline 
solution was injected through the caudal catheter. 
Fifteen minutes before the completion of surgery, 75 
ug of fentanyl in: 20 ml of sterile saline was also 
injected through the caudal catheter. 

The patient underwent a left upper lobectomy 
through a postero-lateral thoracotomy incision. At 
the completion of surgery, muscle paralysis was 
reversed with neostigmine and glycopyrrolate. The 
isoflurane was discontinued. The patient awoke pain- 
free and alert, and his trachea was extubated in the 
operating room. He was transferred to the intensive 
care unit in stable condition. There were no intraop- 
erative surgical or anesthesia complications. 

He first required supplementation of the caudal 
morphine with 10 mg of morphine in 20 ml of saline 
6 hours after his initial intraoperative morphine. He 
was transferred to a surgical ward from the ICU on 
the first postoperative day with the caudal catheter in 
place. 

Postoperative analgesia was provided with preser- 
vative-free morphine, 10 mg in 10-20 ml of saline 
through the caudal catheter given every 6-12 hours. 
He was quite comfortable with just this regimen. He 
was out of bed and ambulatory on the first postop- 
erative day. He did not develop pruritis or urinary 
retention. The caudal catheter was removed on the 
third postoperative day. Afterward, pain control was 
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achieved with oral analgesics (acetaminophen and 
codeine) every 3-6 hours as needed. He did not 
receive parenteral (IV or IM) opioids for postopera- 
tive analgesia at any time. The patient was dis- 
charged from the hospital of the sixth postoperative 
day in good condition. 

Having undergone two major operations within 1 
week, he was asked to compare the degree of pain 
relief after each. He felt that the analgesia from the 
caudal morphine after thoracotomy was markedly 
superior to the pain relief he experienced after laminec- 
tomy when he had been treated with IV and IM 
morphine. 


Discussion 


The benefits of epidural opioids after thoracic surgery 
are well documented. Patients are comfortable, am- 
bulate sooner, and have improved pulmonary func- 
tion compared to patients treated conventionally with 
parenteral opioids (4). It is our usual practice to 
administer morphine or hydromorphone through a 
lumbar epidural catheter for all patients undergoing 
thoracotomy. In our clinical experience, either of 
these two agents, when given at the lumbar level, 
provide excellent analgesia after thoracotomy with- 
out exposing patients to the small but real risk of 
spinal cord damage from placement of a thoracic 
epidural catheter. We were unwilling to attempt to 
catheterize the lumbar epidural space in this patient 
because he had undergone lumbar laminectomy just 
7 days earlier, and the patient would not allow us to 
place a thoracic epidural catheter either before or 
during surgery. | 

It is unclear whether the analgesia from epidural 
opioids is segmental in nature or whether rostral 
spread within CSF makes the actual level of injection 
unimportant. Therefore, we decided to try the caudal 
route. Although caudal opioids have been success- 
fully used for anorectal and urogenital surgery (6), we 
are unaware of any reports of their use after.thora- 
cotomy in adults. Because we had no guidelines for 
the dose or volume of drugs needed, we arbitrarily 
used a 20-ml volume instead of the 10-15 ml we 
normally give at the lumbar level for post-thora- 
cotomy analgesia. A larger amount of morphine (10 
mg instead of 5-7.5 mg) was also used. Although 
some of the morphine solution probably leaked out of 
the epidural space at the site of the recent laminect- 
omy, by using a relatively large dose of morphine and 
a large volume of solution, there was either increased 
spread of the drug in the CSF or up the epidural 
space itself. Leakage of drug from the epidural space 
may also account for the relatively shorter duration of 
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action we observed in our patient. In view of the 
relatively large doses of morphine used, higher than 
normal systemic levels from vascular absorption were 
probably present. However, it is unlikely that sys- 
temic levels were the main source of analgesia be- 
cause the patient was more comfortable and more 
alert than he had been after surgery the previous 
week when he was treated with parenteral morphine 
alone. 

Opioids with low lipid solubility, like morphine, 
diffuse readily in CSF and are effective for relief of 
post-thoracotomy pain when injected at the lumbar 
level (5). We therefore choose hydrophilic morphine 
rather than a more lipophilic agent such as hydro- 
morphone because morphine was more likely to 
spread to higher cord levels (7). Pain relief was 
complete and the patient required no other pain 
medication while treated with caudal morphine. He 
experienced no evidence of respiratory depression or 
any of the minor side effects (pruritis, urinary reten- 
tion, nausea, or sedation) that may be associated with 
epidural morphine. 

In summary, although lumbar or thoracic epidural 
opioids are the usual choice for post-thoracotomy 
analgesia, we had a patient in whom we were unable 
to use either of these routes. He was given preserva- 
tive-free morphine through a catheter placed in the 
caudal epidural space and experienced total relief of 
post-thoracotomy incisional pain without undesirable 
side effects. Caudal epidural opioids should be con- 
sidered for postoperative analgesia after abdominal 
and/or thoracic surgery when the alternative lumbar 
or thoracic epidural routes cannot be used. 
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High frequency ventilation (HFV) has gained increas- 
ing utilization in both the operating room and the 
intensive care unit (1). Intraoperatively, HFV has 
facilitated lung resections, certain abdominal proce- 
dures, bronchial and laryngeal surgeries and, most 
recently, has been applied to extracorporeal shock 
wave lithotripsy (ESWL) (1-6). Three different gas 
delivery techniques have been grouped together un- 
der the heading of HFV. One of these three tech- 
niques, high frequency positive-pressure ventilation 
(HFPPV), may be carried out with a number of 
conventional ventilators utilizing respiratory frequen- 
cies of 60-120 breaths/min with tidal volumes of 1.5-3 
mi/kg (1). Another high frequency jet ventilation 
(HFJV) delivers compressed gas through a small 
cannula placed in the respiratory tree at frequencies 
up to 600 breaths/min (1). The third technique, high 
frequency oscillation (HFO), uses frequencies up to 
40 Hz (2400 cycles/min) with oscillation volumes from 
1 ml/kg up to 3 ml/kg (1). 

Fach of the above techniques has advantages, 
applications, and limitations (5). Many studies have 
demonstrated adequate or improved respiratory gas 
exchange with the different modes of HFV (1-6). 
However, both HFJV and HFO may be difficult to use 
during anesthesia (3,7). HFPPV, utilizing a Siemens- 
Elema anesthesia machine, has recently been used for 
ESWL and ventilating parameters for optimum car- 
bon dioxide (CO,) elimination have been proposed 
(4). Tidal volumes of 1.5-3.0 ml/kg at rates of 100 
breaths/min allow for CO, removal and the adminis- 
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tration of N.O, O, and a potent inhaled anesthetic 
(4). 

We report a case in which HFPPV utilizing a 
Siemens-Elema anesthesia machine was used for an 
anterior spine fusion through a thoracotomy in a 
patient with a previous contralateral pneumonec- 
tomy. 


Case Report 


A 69-year-old man weighing 99 kg was scheduled for 
left thoracotomy and anterior spine fusion. Several 
years previously, the patient had a right pneumo- 
nectomy for adenocarcinoma of the lung. He re- 
mained asymptomatic until 4 months before admis- 
sion, at which time he experienced right-sided chest 
wall pain and back pain. Radiographic studies indi- 
cated probable metastatic disease involving the right 
8th rib and the T7-9 vertebral bodies. Conservative 
therapy having failed, it was proposed to relieve the 
patient’s pain by performing posterior spine stabili- 
zation with Harrington rod insertion and a left tho- 
racotomy with anterior spine fusion and rib resection. 

Preoperative evaluation showed an obese, elderly 
male in no respiratory distress at rest, although mild 
exertion produced dyspnea. He reported no history 
of cardiovascular disease and his only medication 
was methadone. Physical examination was signifi- 
cant for the absence of breath sounds over the right 
chest and a normal neurologic examination. Pulmo- 
nary function studies showed a forced vital capacity 
(FVC) of 44% of predicted and a forced expired 
volume (FEV 1) of 51% predicted. Arterial blood gas 
(ABG) tensions measured while breathing room air 
were pH 7.44, Po, 81 mm Hg, Pco, 44 mm Hg. Chest 
x-ray showed an opacified right hemithorax. 

After consultation with the surgical team it was 
apparent that ‘considerable retraction of the remain- 
ing lung would be required to be able to perform the 
anterior spine fusion. In a patient with normal pul- 
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Table 1. Hemodynamic and Respiratory Data 
Hemodynamic data 
HR Mean BP RAP Mean PAP PCWP CI 
Time (beats/min) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (L-min-m?) 

Postinduction 81 70 18 26 18 27 
Prethoracotomy 92 79 19 30 23 3:2 
Thoracotomy 78 88 13 26 16 2.8 
Post-thoracotomy 78 92 9 22 12 29 
8 hr Pos-op 115 80 9 26 g 3.8 


HR, Heart rate; RAP, right atrial pressure; PAP, pulmonary artery pressure; PCWP, pulmonary capillary wedge pressure; CI, cardiac index; PVR, 
pulmonary vascular resistance; ABG, arterial blood gas tensions; MVBG, mixed venous blood gas tensions; Q,/Qt, pulmonary shunt calculated; RR, respiratory 


rate; Exp TV, expired tidal volume; Paw, peak airway pressure. 


monary anatomy and function, such a case could 
have been performed with a double-lumen endotra- 
cheal tube and one-lung ventilation. An anesthetic 
plan involving HFPPV was developed. After premed- 
ication with morphine, diazepam and glycopyrolate, 
a radial arterial catheter and pulmonary artery cath- 
eter were inserted. Anesthesia was induced with 
midazolam, fentanyl, and thiopental, orotracheal in- 
tubaticn with a 8.5-mm tube being facilitated with 
pancuronium bromide for muscle relaxation. Anes- 
thesia was maintained with 1:1 ratio of O./N,O with 
inspired isoflurane concentrations ranging from 0.25 
to 0.75%. Supplemental dosages of fentanyl and 
pancuronium bromide were added as required. Mon- 
itoring included ECG (modified lead 2), somatosen- 
sory evoked potentials (SSEPs), mass spectrometry, 
pulse oximetry, and an end-tidal CO,. 

The patient was ventilated utilizing a Siemens- 
Elema 900-D ventilator. Initially intermittent positive- 
pressure ventilation (IPPV) with a respiratory rate of 
10 breaths/min and a tidal volume of 900 ml was 
used. Baseline hemodynamic and respiratory param- 
eters were recorded after induction in the lateral 
decubitus position. Before the thoracotomy the ven- 
tilation was changed to HFPPV at a rate of 80 witha 
tidal volume of 250 ml (2.5 ml/kg) at an inspired to 
expired ratio of 1:2.5. 

HFFPV was maintained throughout the thoracot- 
omy and anterior spine fusion. Conventional IPPV 
was resumed at the time of chest closure. Hemody- 
namic and respiratory data, as well as blood gas 
tensions were recorded during each phase of the 
operation (Table 1). 

During HFPPV there were small movements of the 
thorax and lung tissue; however, the operative field 
was noted to be free of intruding lung parenchyma. 
After the 7-hour procedure, muscle paralysis was 
reversed and the patient was extubated without dif- 
ficulty. Postoperatively the patient had an uneventful 
recovery without pulmonary complications. 


Discussion 


A patient scheduled for anterior thoracic spine fusion 
is presented in whom the complicating factor of a 
previous contralateral pneumonectomy was in- 
volved. Thoracotomies for anterior spine surgery 
require the anesthesiologist to maintain adequate 
respiratory gas exchange while optimizing surgical 
exposure. Lung retraction and compression, as well 
as mediastinal compression, may occur as surgical 
exposure is gained. One lung ventilation utilizing a 
double-lumen endotracheal tube has been employed 
in the past, but that option was impossible in our case 
because of the previous pneumonectomy. 

HFPPV was one of few options available to our 
patient. If adequate gas exchange and hemodynamics 
could not be maintained by HFV, the only other 
techniques facilitating surgery would have been car- 
diopulmonary bypass (CPB) or extracorporeal mem- 
brane oxygenation (ECMO). CPB would probably 
have increased the duration of the operation and the 
amount of blood loss and morbidity involved in the 
procedure. 

HFV, either HFJV or HFPPV, has been applied 
successfully in thoracic surgery (2,3,8). Advantages 
over conventional IPPV include avoidance of one- 
lung anesthesia and its potential complications, min- 
imal lung movement, and continued gas exchange in 
the manipulated lung (2). Our case showed adequate 
or improved gas exchange and hemodynamics dur- 
ing HFPPV as compared to IPPV. Although such 


_ stability has been demonstrated before, no reports of 


the use of HFPPV exist in which it was applied to a 
previously pneumonectomized individual in whom 
lung compression was required for successful surgi- 
cal completion. 

Oxygenation and carbon dioxide elimination were 
easily maintained in our patient, as were peak airway 
pressures. Previous studies utilizing HFV have dem- 
onstrated well maintained oxygenation and ventila- 
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Table 1 (continued) 
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Respiratory data 


PVR ABG MVBG 
(dynes-sec-cm `’) (pH-Pco,—Po,) (pH~Pco,-Po,) 
113 7.52—31~278 7 48-37-37 
83 7.55—30--293 7.50-35--39 
137 7.43—40--183 7 .40-44--38 
131 7.45-37--187 7.424140 
— 7 .35-46--94 7.31-55-42 
50% Fio, 50% Fio, 


tion; however, most authors have used lower peak 
and/or mean airway pressures with HFPPV (1-6). 
Simon et al. (9) found that lower peak airway pres- 
sures do not necessarily infer the presence of lower 
mean alveolar pressures. Chakrabarti et al. (10) dem- 
onstrated that with HFPPV the lowest peak airway 
pressures occurred between frequencies of 30-60 
breaths/min. At rates above 100 breaths/min, the 
PEEP-like effect found with HFV increases signifi- 
cantly (10). 

Hemodynamic parameters in our patient, includ- 
ing blood pressure, heart rate, right atrial, pulmonary 
artery pressures, cardiac index, and pulmonary vas- 
cular resistance, were not significantly different after 
switching from IPPV to HFPPV. Previous studies in 
animals and humans have shown variable changes in 
cardiovascular parameters during HFPPV. Most stud- 
ies have demonstrated no change in blood pressure, 
heart rate, systemic vascular resistance, or cardiac 
index with HFPPV (10-12). Some report increases in 
cardiac index with HFPPV (13,14), but few report all 
hemodynamic variables concomitantly with pulmo- 
nary measurements. Only one study reports pulmo- 
nary shunt changes (13). Multiple different ventilátor 
systems have been used for HFV and HFPPV. The 
comparison of hemodynamic and respiratory data 
between these systems may not be valid due to 
differences in delivery systems, I:E ratios and expira- 
tory resistances. IPPV was not utilized during the 
actual spine fusion so we cannot compare the gas 
tensions and hemodynamic findings at that time to 
HFPPV. 

HFPPV offers certain advantages to the anesthesi- 
ologist over other methods of HFV such as HFJV or 
HFO. HFPPV allows for the delivery of potent in- 
haled anesthetic agents utilizing conventional vapor- 
izers and scavenging systems. Intravenous anesthet- 


ics may be required for patients receiving HFO and . 


HFJV and may be associated with delayed awakening 
(15). The use of 50% N,O and low dose isoflurane in 
our patient avoided depression of SSEPs that might 
have been encountered with some inhalation general 
anesthetic techniques utilized with HFJV or HFO 
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RR EXP TV Paw 
Qs/Qt (breaths/min) (mJ) (cm H,0 

0.02 10 900 24.8 
0.02 80 250 24.3 
0.09 80 204 24.8 
0.09 10 650 — 

Spontanteous 

respiration 


(16). A rapid change from IPPV to HFPPV can be 
made by merely changing the settings of the Sie- 
mens-Elema ventilator, as opposed to detaching and 
reattaching different equipment necessary for initia- 
tion of HFJV or HFO. Waste gas can be easily and 
routinely scavenged with HFPPV, whereas new sys- 
tems need to be engineered for scavenging during 
HFJV or HFO (4). 

The Siemens-Elema 900D anesthesia machine is 
particularly well suited for HFPPV. No problems 
were encountered.in switching our patient to this 
respiratory system because only minor changes in 
respiratory settings were required. Guidelines previ- 
ously demcnstrated for optimal tidal volume and rate 
to optimize CO, elimination were used in our pneu- 
monectomized patient and adequate CO, elimination 
was confirmed. 

In conclusion, the case presented represents a 
unique application of HFPPV utilizing the Siemens- 
Elema 900C ventilator. Use of such a system provided 
optimal operating conditions and hemodynamic and 
respiratory stability in this pneumonectomized man 
undergoing thoracotomy and further pulmonary 
compromise. 
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In the United States over 50% of transfusions are 
administered in the perioperative period, usually by 
members of the anesthesia care team (1). Most anes- 
thesiologists are, therefore, acutely aware of the 
variety of complications that can be associated with 
blood transfusions. These complications commonly 
consist of hemolytic, febrile, allergic, or metabolic 
responses. Transmission of infectious diseases is an 
acknowledged complication of transfusions. In this 
age of nonreusable blood collection equipment, the 
development of septic shock after blood transfusion 
is rare. However, we report a case of septic shock and 
endotoxemia resulting from the transfusion of blood 
contaminated with Yersinia enterocolitica. 


Case Report 


A 61-year-old ASA III man with a history of hyper- 
tension and atherosclerotic peripheral vascular dis- 
ease was taken to the operating theater for a right 
femoral—popliteal bypass grafting procedure. Past 
medical and surgical history was remarkable for an 
above-knee amputation performed 8 weeks earlier 
followed by an aortic—iliac bypass grafting procedure 
2 weeks before the present operation. The patient's 
only medications were allopurinol and hydrochloro- 
thiazide. Recovery from previous surgery was unre- 
markable until the development of right lower ex- 
tremity pain necessitated another operation. 
Hematocrit at that time was 31%. 

Anesthesia was induced with fentanyl 5 ug/kg and 
thiopental 2.5 mg/kg, followed by succinylcholine 100 
mg, O, and tracheal intubation. Anesthesia was 
maintained with fentanyl, isoflurane, pancuronium, 
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NO, and O,. Monitoring included a V; ECG, esoph- 
ageal stethoscope with temperature probe, blood 
pressure cuff, arterial and right internal jugular cen- 
tral venous pressure lines, and urinary catheter. Two 
units of CPD-A (citrate-phosphate-dextrose-adenine) 
preserved packed red blood cells were transfused 
during the course of the surgery to replace a 1200-ml 
estimated blood loss. The red blood cells were given 
without significant delay after their arrival in the 
operating room. Approximately 45 minutes after the 
second unit of blood had been given, the patient 
developed hypotension, tachycardia, and oliguria. 
Before this the patient was hemodynamically stable 
with urine output >1 ml-kg™’-hr~?. With this change 
in hemodynamic status, there were no signs of ische- 
mia on the V; ECG and no evidence of hemoglobin- 
uria, urticaria, temperature change, or change in 
peak airway pressure. An arterial blood specimen 
had a pH of 7.26, Po, of 60 mm Hg, Pco, of 51 mm 
Hg, and base excess of —3.5 meq/L at an Fi, of 0.5. 
Minute ventilation was increased in response to the 
respiratory acidosis, NO was discontinued, and 5 cm 
H,O positive end expiratory pressure was added. 
When the hypotension continued to be refractory, 
the isoflurane was also discontinued. An IV bolus of 
electrolyte solution increased the central venous pres- 
sure to 12 mm Hg from 9 mm Hg. In spite of the 
hydration the arterial blood pressure remained 70-80 
mm Hg with a heart rate of 120 beats/min. Ephedrine 
in 5-mg increments and phenylephrine in doses of 
40-80 ug were unsuccessful in raising the blood 
pressure. The central venous pressure line was re- 
placed by a Swan-Ganz catheter. The initial pulmo- 
nary capillary wedge pressure was 10 mm Hg, central 
venous pressure, 10 mm Hg; cardiac output, 7.2 
L/min; and systemic vascular resistance calculated to 
be 470 dynes-sec”*.cm?. 

The hemodynamic profile obtained with the Swan- 
Ganz catheter was highly suggestive of sepsis. The 


‘The opinions or assertations contained herein are the private 
views of the authors and are not to be construed as reflecting the 
views of the Department of the Army, Walter Reed Army Medical 
Center, or the Department of Defense. l 
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intravenous solution bags, solution administration 
sets, individual blood bags, and samples of the pa- 
tient’s blood were all sent for culture. Prior antibiotic 
therapy included cefoxitin 2 g, IV given prophylacti- 
cally at the start of the case. This coverage was 
broadened to include IV clindamycin 600 mg and 
amikacin 400 mg. Methylprednisolone 2.5 g was 
given IV and a dopamine infusion was started (ini- 
tially at a rate of 3 yg-kg~’-min™'). With dopamine 
the cardiac output increased to 10 L/min but the 
patient remained hypotensive. A phenylephrine in- 
fusion was without effect and was changed to norep- 
inephrine 0.05 wg-kg~!-min~*, which maintained sys- 
tolic blood pressure at 100 mm Hg. The patient was 
transferred to the surgical intensive care unit where 
his cardiac output increased to 18 L/min despite 
cessation of the dopamine infusion. The systemic 
vascular resistance decreased to 250 dynes-sec™*-cm”, 
and the temperature increased to 39.5°C. Twenty 
hours later, an exploratory laparotomy revealed no 
obvious source of infection. Forty-nine hours after 
the femoral-popliteal bypass repair, the patient died 
in septic shock with multiple organ failure and dis- 
seminated intravascular coagulation. 

| The patient’s plasma obtained after the transfu- 
sions contained 0.15-1.5 ng/ml endotoxin. Endotoxin 
assay was negative in healthy controls, as was a 
sample of the patient’s plasma obtained before the 
transfusion. Four antemortem blood cultures grew 
Yersinia enterocolitica, as did both blood bags (I and II) 
and the blood administration set used to administer 
the two units. Subsequent interviews with donors I 
and II revealed that although both were asympto- 
matic at the time of donation, donor I had experi- 
enced a “flu-like” gastroenteritis in the weeks before 
blood donation. At the time of the interview (approx- 
imately 5 weeks after donation), donor I had antibody 
titers to Yersinia enterocolitica of 1:256. This had in- 
creased from 1:128 in plasma saved from the time of 
donation and subsequently tested, reflecting a recerit 
Yersinia infection. Donor IJ had negligible antibody 
titers and the growth of Yersinia enterocolitica from 
blood taken from bag II was thought to be secondary 
to cross contamination by the blood administration 
set. 


Discussion 


A wide variety of diseases can be transmitted by the 
transfusion of blood. Although viral diseases such as 
AIDS and hepatitis are currently thought of when 
infectious"complications of blood transfusion are dis- 
cussed) acteriql transmission can be just as deadly 
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and with more immediate consequences. The bacte- 
rial contamination of stored blood bags has decreased 
with the widespread use of disposable phlebotomy 
equipment and blood storage bags, special needles 
that avoid “coring” of skin plugs, and use of aseptic 
technique (2). With appropriate precautions, there is 
approximately a 2% incidence of blood contamination 
at collection, usually with nontoxic gram-positive 
organisms such as staphylococci and diptheroids. 
With cold storage at 4°C in citrated solutions, the 
growth of these skin contaminants is unlikely (3). 
Other potential avenues for bacterial contamination 
of blood are much.less frequent. Many blood-banking 
facilities restrict blood donations from donors within 
72 hours of dental extractions because upward of 85% 
of individuals develop a transient bacteremia after 
this type of dental procedure. Other causes of tran- 
sient bacteremia include tooth brushing, oral irriga- 
tion, sigmoidoscopy, barium enema, and liver bi- 
opsy. A normal bowel movement is claimed to 
produce a 10% incidence of bacteremia, and it is said 
that constipation or rectal irritation may increase this 
percentage (2). , 

Bacteremia at the time of blood donation is rare 
and if present is usually cleared within a matter of 
minutes by the reticuloendothelial system or poly- 
morphonuclear leukocytes. Blood collected during an 
episode of bacteremia due to gram-negative enteric 
organisms can result in growth i in cold-stored, citra- 
ted blood. Psychrophilic organisms of enteric origin 
that include the coli-aerogenes group, pseudomonas 
and, in our patient,’ Yersinia enterocolitica thrive in 
citrated blood stored at 4°C, especially within a pH 
range of 5.6-7.6 (4). In the laboratory, the inoculation 
of 80 colony-forming units CFU/ml Yersinia enteroco- 
litica organisms into a blood bag yielded 5 million 
CFU/ml after 21 days of storage at 4°C. Gram’s stain 
did not demonstrate the organism, and visual inspec- 
tion of the unit revealed no.turbidity. Only overnight 
culture of a sample of the contaminated blood al- 
lowed the identification of this organism (5). Because 
transfusion of gram-negative-contaminated blood is 
implicated in the majority of fatalities due to contam- 
inated stored blood, identification of these units takes 
on great importance. 

Yersinia enterocolitica is an aerobic gram-negative 
rod and a facultative anaerobe. Clinical manifesta- 
tions of yersinosis can include mesenteric lymphade- 
nitis, meningitis, and colitis, but most commonly 
yersinosis presents as a mild, self-limited gastroente- 
ritis with diarrhea and abdominal pain. Although the 
organism involved is generally sensitive to strepto- 
mycin, aminoglycosides, trimethoprim-sulfamethox- 
azole, chloramphenicol, tetracyclines, colistin, and 
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nitrofurantoins, the antibiotic of choice for treatment 
of yersinosis has not yet been determined because the 
results of antibiotic therapy in clinical situations have 
so often been highly variable (5). In very young, very 
old, and immunoconipromised patients, this orga- 
nism can cause septicemia with a 34-50% mortality, 
even with appropriate therapy (6,7). Five other cases 
of transfusion-induced Yersinia septicemia have been 
reported. Two patients had postpartum anemia, one 
was an octagenarian, one had metastatic disease, and 
one had alcoholic liver-pancreatic disease. Our pa- 
tient had vascular disease, hypertension, and several 
operations in the days preceding his demise. Our 
case was the only example of the intraoperative 
administration of contaminated blood. Five of these 
six cases were fatal (5,8-10). 

By history, one donor of the blood given to our 
patient had an episode of gastroenteritis, presumably 
Yersinia-induced. During a presumed episode of bac- 
teremia, a unit of blood was donated. This unit of 
blood was stored in a CPD-A collection bag at 4°C, 
allowing the Yersinia contaminants to multiply. The 
resultant transfusion-induced septicemia was fatal in 
our case as it has been in 83% of the reported cases 
(5,8-10). In this case, the precautions taken in careful 
storage, typing, and cross-matching, rechecking ac- 
companying paper work with the blood unit, and the 
patient’s identification by several individuals, and 
visually examining the unit for turbidity and admin- 
istration in a timely fashion, all necessary for the safe 
use of blood products, were all strictly adhered to. In 
spite of this, the administration of blood products in 
this case resulted in a fatal outcome. The administra- 
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tion of blood products carries various risks, including 
transmission of virally mediated infectious diseases. 
However, other equally as serious blood transfusion- 
related complications can occur. The possibility of 
bacterial contamination of blood products is a rare but 
potentially fatal complication, with immediate mani- 
festations and often tragic results. 
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Letters to the Editor 


Epidural Butorphanol for the Relief 
of Postoperative Pain 


To the Editor: 


We congratulate Abboud et al. (Anesth Analg 1987;66: 
887-93) for conducting a CO, challenge study on patients in 
the immediate postoperative period—certainly not an easy 
task to accomplish. 

Last year we reported a study utilizing epidural butor- 
phanol 4 mg for pain relief in nonobstetric patients after 
abdominal operations (1) and showed that epidural butor- 
phanol provided pain relief with rapid onset (15 minutes) 
but substantially shorter duration (5.6 hours) than that of 
epidural morphine 5 mg. In a subsequent study (unpub- 
lished data) we found that, with serial arterial blood gas 
measurements, epidural butorphanol 4 mg did produce 
statistically significant elevation in Paco, even though no 
clinically significant respiratory depression (respiratory rate 
10 breaths/min) was observed in these patients. Our obser- 
vation in nonobstetrical patients is similar to that reported 
by Abboud et al. However, we could not quite agree with 
the conclusion drawn by them: “An agent providing 6-8 
hours of pain relief such as butorphanol in the present 
study, would be ideal, because patients could be kept in the 
recovery room for this time.” In most instances, it would be 
impractical and emotionally distressing to keep patients in 
the recovery room for that long a period of time. On the 
contrary, the short duration of action of epidural butorpha- 
nol would require more frequent administration, a distinct 
disadvantage from the manpower standpoint. Further- 
more, as advocated by the authors, close observation for 
signs of respiratory depression associated with epidural 
butorphanol are definitely needed, which appears to ne- 
gate the one presumed advantage of epidural butorphanol, 
namely lack of respiratory depression (2,3). Epidural butor- 
phanol might be an interesting alternative to epidural 
morphine, but the search for an ideal spinal opiate for 
postsurgical pain still must be continued. 


Maurice Lippmann, MD 
Martin S. Mok, MD 
Department of Anesthesiology 
Harbor-UCLA Medical Center 
Torrance, CA 90509 


©1988 by the International Anesthesia Research Society 
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Winged Scapula Associated with 
Epidural Anesthesia 
To the Editor: 


Wiriged scapula produced by C5,6,7 radiculopathy or by 
long thoracic nerve neuropathy is occasionally seen after 
general anesthesia (1), but review of the literature and 
Bromage’s (2) textbook revealed no reports associated with 
epidural anesthesia. A case associated with positioning 
during epidural anesthesia is presented. 

A 26-year-old woman was referred for evaluation 7 days 
after delivery because of weakness of the right shoulder. 
Additionally, she had noticed protrusion of the right scap- 
ula with certain movements. In retrospect, she related her 
complaint to the epidural anesthetic for labor and delivery. 
The epidural had been performed with the patient lying on 
her left side, knees pulled up to the abdomen, and upper 
body and head and neck flexed on the abdomen as much as 
possible. During the procedure she experienced right 
shoulder pain and neck pain that disappeared on resuming 
the supine position. The epidural anesthetic was adequate, 
and labor and delivery were without complication. The 
next day, when more ambulatory and while combing her 
hair, she noticed weakness of the right shoulder. Neuro- 
logic examination revealed a winged scapula on the right 
side made more pronounced by forward flexion of the 
extended arm against resistance. Abduction of the arm was 
limited. The patient was referred for neurologic evaluation. 
Complete recovery occurred over a 6-month period. 

Winged scapula (3), caused primarily by injury and 
occasionally by infection, results from dysfunction of nerve 
roots C5,6,7 or the long thoracic nerve, a motor nerve 
innervating the serratus anterior muscle. Injury may occur 
by direct trauma to the neck, by exerting strong downward 
force on the shoulder, by increasing the angle between the 
neck and the shoulder, or by any maneuver that stretches 
the nerve roots or nerve. The most common cause of injury 
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to the nerve during general anesthesia is putting the patient 
in the Trendelenburg position (4) with improperly applied 
padding, thereby causing the shoulder to be forcibly 
pushed down with overstretching of the long thoracic 
nerve. Although the patient believed that her injury was 
caused by the epidural anesthetic, a more likely cause was 
stress on the neck produced by the patient's assuming a 
commonly used position for induction of epidural (or 
spinal) anesthesia. Therapy consists of avoidance of further 
stress to the neck and serratus anterior muscle. Most 
injuries recover in 3-12 months. 


Charles H. Hubbert, mp 

Department of Obstetrics ana Gynecology 
Texas Tech University 

Lubbock, TX 79430 
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Atracurium Pretreatment for 
Prevention of Succinylcholine 
Fasciculations 


To the Editor: 


We read with interest the recent paper by Sosis et al. (1), 
who compared atracurium and d-tubocurarine pretreat- 
ment for prevention of succinylcholine myalgia and also 
reported their efficacy in preventing fasciculations. Their 
Table 1 shows the incidence of fasciculations (mild and 
moderate) to be 79% in the saline (control) group of 14 
patients, 46% in the atracurium pretreated group of 13 
patients, and 12% in the 17 patients pretreated with d- 
tubocurarine. Their statistical analysis did not demonstrate, 
nor do their results report, a significant (P < 0.05) differ- 
ence between the saline and atracurium groups in preven- 
tion of fasciculations. This is surprising because Manchi- 
kanti et al. (2), using a similar protocol but with 20 patients 
in each group, did show such a difference at the P < 0.05 
level. 

We reanalyzed the fasciculation data of Sosis et al. and, 
using Fisher’s exact test (one-tail), found a difference in the 
incidence of fasciculations between the saline and atracu- 
rium groups at the P = 0.043 level. This is reassuring 
because we commonly administer small doses of atracurium 
before succinylcholine and our clinical impression has been 
that it is effective in reducing the incidence of fasiculations. 


Andrew Herlich, DMD, MD 

James B. Eisenkraft, mp, and 

Michael Hubbard, PhD 

Departments of Anesthesiology and Biomathematics 
Mount Sinai School of Medicine 

New York, NY 10029 
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In Response: 


We thank Herlich et al. for their interest in our report 
comparing atracurium and d-tubocurarine for the preven- 
tion of succinylcholine myalgia (1). Herlich et al. state that 
our “statistical analysis did not demonstrate a significant (P 
< 0.05) difference between the saline and atracurium 
groups in the prevention of fasciculations.” We are pleased 
that their statistical analysis shows that this difference is 
indeed a significant one because we clearly stated in our 
summary “. . . ATR (atracurium) is significantly better than 
NS (saline) for the prevention of fasciculations.” 


Mitchel Sosis, MD, PhD 

Department of Anesthesia 

Indiana University School of Medicine 
Indianapolis, IN 46223 


Ghassem E. Larijani, PHARMD 

Departments of Anesthesiology and Clinical Pharmacology 
Thomas Jefferson University ' 

Philadelphia, PA 19107 
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Effect of Age on Maximum 
Circulating Local Anesthetic 
Concentrations during Epidural 
Anesthesia 


To the Editor: 


Finucane et al. recently reported the effect of age on 
maximum blood concentrations of lidocaine during lumbar 
epidural anesthesia (1). They concluded that “the mass of 
local anesthetic solution should be reduced in elderly 
patients undergoing epidural anesthesia because there is a 
greater segmental spread, and serum levels of local anes- 
thetics are increased.” That segmental spread is greater in 
older patients has been reported previously by several 
authors (2-4), and we agree with that aspect of their 
conclusion. However, we disagree with the recommenda- 
tion that the initial dose of epidural anesthetic be reduced 
in older patients because of higher serum levels. Finucane 
et al. did not discuss the results of three previous reports 
that disagree with their conclusion (5-7; Table 1). In these 
previous reports, single injections of a variety of doses of 
lidocaine and bupivacaine, with and without epinephrine, 
were given by the lumbar and caudal epidural routes. In 
none of these reports was there a statistically significant 
difference between age groups and the maximum blood 
levels of local anesthetics, or the time for achieving maxi- 
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Table 1. Maximum Local Anesthetic Concentrations during Peridural Anesthesia 


Freund et Freund et Bowdle et al. Veering et al. Finucane et al. 
al. 1984 al. 1984 1986 1987 1987 
Drug Lidocaine Bupivacaine Lidocaine Bupivacaine Lidocaine 
Dose 6 mg/kg 2.2 mg/kg 400 mg 95 mg 4 mg/kg 
Epinephrine Yes Yes Yes No No 
Route of administration Caudai* Caudal* Lumbar Lumbar Lumbar 
Age, younger group 52.5.2 27 £70 32 t 5.2 36 + 11 Pha 23.3 
Age, older group 66 + 5.3 69 + 10 65 + 6.9 70 + 8 69 + 6.4 
Maximum concentration (Cm) 2.47 + 0.73 0.86 + 0.22 1.84 + 0.81 0.53 + 0.15 2.73 + 0.68 
younger group (mcg/ml) 
Maximum concentration (Cm) 2.61 + 1.45 0.69 + 0.25 2.28 + 0.90 0.47 + 0.12 3.29 + 1.34 
older group (mcg/ml) 
Time of Cm, younger group (min) 45t 30t 45} 208 ? 
Time of Cm, older group (min) 25ł 20t 45ł 26§ ? 
*Drug injected through a catheter advanced to the L5-S1 level. 
tTime of peak, mean concentration. 
{Median time of peak. 
§Mean time of peak. 
mum blood concentrations. Moreover, the differences in References 


local anesthetic blood concentrations between age groups 
were of no clinical significance, because the concentrations 
were low, and there was no toxicity. The data of Finucane 
et al. are not substantially different from the previous 
reports, because there was neither a statistically nor a 
clinically significant difference in maximum blood concen- 
trations. Finucane et al. reported a statistically significant 
difference in the time to peak blood levels, but the magni- 
tude of the difference is difficult to interpret because the 
actual times are not given, only whether the time was less 
than or greater than 10 minutes. In any case, the clinical 
significance of the maximum blood concentrations occur- 
ring at an earlier time is doubtful. 

We maintain that a single dose of epidural local anes- 
thetic need not be reduced in older patients on account of 
the resulting circulating local anesthetic concentration. The 
studies cited show that the maximum blood local anesthetic 
concentration is not significantly affected by age, and that 
maximum blood concentrations are low and not associated 
with toxicity. However, when multiple doses of local anes- 
thetic are administered, accumulation of toxic concentra- 
tions may occur in older patients because of decreased local 
anesthetic clearance (6,7). Inoue et al. have discussed 
pharmacokinetic simulation of epidural lidocaine reinjec- 
tion (8), and we have illustrated local anesthetic toxicity in 
an elderly patient by pharmacokinetic simulation of multi- 
ple reinjections of a lumbar epidural catheter with lidocaine 
(6). Drug interactions may also result in decreased local 
anesthetic clearance. Many older patients receive B- 
adrenergic blocking drugs for treatment of hypertension or 
angina, drugs known to reduce the clearance of lidocaine 
(9) and bupivacaine (10). 

T. Andrew Bowdle, Mp, PhD 

Departments of Anesthesiology and Pharmaceutics 

Peter R. Freund, MD 

Departments of Anesthesiology, Physiology, and Biophysics 
Veterans Administration Medical Center 

Seattle, WA 98108 
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In Response: 


Thank you for the opportunity to respond to Bowdle and 
Freund’s critique of our article. We did indeed state that 
serum levels of lidocaine were elevated in elderly patients 
after epidural injections; however, we also clearly pointed 
out that P values were equal to 0.06 (1). We believed that it 
was important to rule out a type II error, so we subjected 
these data to a power analysis, the results of which strongly 
suggest that these data would differ significantly if we 
expanded our series. So, we merely raised the possibility 
that our negative results might have been misleading. 
Bowdle et al. seemed reluctant to entertain even the 
possibility that there may be an age-related difference in 
CSmax based on the findings in three previous studies. 
Freund et al. (2) studied the influence of age on plasma 
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levels of bupivacaine and lidocaine, both with epinephrine, 
after caudal injections. That study does not compare with 
ours for two reasons: first, epinephrine-containing solutions 
were used by them and, second, the injections were admin- 
istered via a catheter inserted into the caudal canal. There is 
no guarantee that catheters advanced 10 cm into the caudal 
canal will consistently end up in the lumbar epidural space. 

In our study, lidocaine was injected via an 18-gauge 
Hustead needle consistently at the L3-4 interspace. Bowdle 
et al. (3), in a similar study of epidural anesthesia and age, 
again used epinephrine-containing solutions but also used 
doses of local anesthetic drugs that were not administered 
on a milligram per kilogram basis. Finally, Veering et al. (4) 
studied the effect of age on Cp,,,, after epidural injections 
of bupivacaine and found no significant difference. In this 
instance, a different local anesthetic was used. We suggest 
that the absorption pharmacokinetics of bupivacaine after 
epidural injection may be completely different from those 
of lidocaine. All three studies cited by Bowdle suffer from 
the same shortcomings as our study in that the numbers of 
patients studied in each series was quite small. Further- 
more, in Bowdle’s and Freund’s studies, there was consid- 
erable inbalance numerically between patients in the young 
and old groups, e.g., in Bowdle’s study there were 9 
patients in the younger age group and 33 in the older, while 
in Freund’s study there were 6 patients in the younger 
group and 16 in the older group. 

Bowdle et al. also raised a question about our observa- 
tions that CSmax occurred early in elderly patients after 
epidural injections of lidocaine. The reason we did not 
specify the time other than before or after 10 minutes was 
because we did not measure blood levels of lidocaine at 15 
minutes. At the 10-minute interval, 14 of 18 older patients 
had achieved Cs,,,,, whereas only 1 of 18 did so in the 
younger age group. At 20 minutes, 17 out of 18 in the 
younger age group had achieved Cs,,,,,. We had no way of 
estimating when Cs,,,,. took place in the younger age group 
other than sometime between 10 and 20 minutes. We tried 
to resolve this problem by measuring blood levels of 
lidocaine in eight patients in the younger age group at 15 
minutes. In them, CSmax occurred at 15 minutes in two of 
eight patients. We thought we had discussed this question 
quite well in the paper. 

Bowdle et al. also questioned the clinical significance of 
an earlier CSmax in elderly patients. We cannot disagree 
except to say that the fact that it is earlier lends credence to 
the theory that the increased hydrostatic pressure in the 
epidural space (5) after injection of local anesthetic solu- 
tions in elderly patients may contribute to the rapid uptake 
of local anesthetics into the circulation. 

Finally, we are grateful to Bowdle et al. for raising these 
questions. To our knowledge, no one has tried to separate 
out the possible influence of epinephrine on the absorption 
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kinetics of local anesthetics injected epidurally in different 
age groups. 

Brendan T. Finucane, MD 

William D. Hammonds, MD 

Department of Anesthesiology 

Emory University School of Medicine 

Atlanta, GA 30335 


Michael B. Welch, mp 
Department of Anesthesiology 
Case Western Reserve 
Cleveland, OH 44106 
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Use of Breathing-Circuit 
Stethoscopes Can Have 
Complications 

To the Editor: 


I read with interest the letter of Kainuma and Shimada (1) 
describing a breathing-circuit stethoscope, which they de- 
vised and recommended for situations not suitable for use 
of a precordial or esophageal stethoscope. Their points are 
well taken, but I think it important to mention two potential 
sources of complications attributable to the breathing- 
circuit stethoscope they described. These are, first, the 
potential for endotracheal tube dislodgement, resulting 
from the anesthesiologist being physically connected to the 
patient's airway during use of this apparatus and, second, 
the creation of another connection within the breathing 
circuit, which adds an additional site for a circuit discon- 
nection. 


Nikolaus Gravenstein, MD 
Department of Anesthesiology 

University of Florida College of Medicine 
Gainesville, FL 32610-0254 
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Book Reviews 


Clinical Monitoring Practice, 2nd Ed. 
Gravenstein, J. S., D. A. Paulus. Philadelphia: Lippincott, 
1987, 446 pp, $49.50. 


Monitoring has become a major task (some would say the 
major task) of contemporary anesthesia practice. With the 
increasing complexity and length.of surgery and with 
chronic illness becoming commonplace in an aging popu- 
lation, the challenge to give safe passage to a comatose, 
paralyzed patient through a risk-prone operation is greater 
than ever and growing. It is now abundantly clear that the 
anesthesiologist’s unaided senses, while necessary, are not 
sufficient to meet today’s challenge. A host of monitoring 
devices and methodologies designed to extend our senses 
is now available. The 1970s gave us invasive methods; 
noninvasive monitors have developed in this decade. But 
the very number and variety of available monitoring de- 
vices is now a problem. Can they be trusted? Will they 
confuse? Will they distract us so much that we will neglect 
our patients? 

.Gravenstein and Paulus provide answers in their tightly 
constructed but comprehensive book, Clinical Monitoring 
Practice. “Instruments,” they assert in an introductory 
chapter, “were designed to allow the clinician to spend 
more time, rather than less, observing the patient.” To 
know when a monitor can be trusted (and when it cannot), 
to avoid confusion and distraction in their use, monitors 
must be understood. This book delivers a detailed expla- 
nation on how monitors work. Just about every major class 
of monitoring instrumentation used in anesthesia today is 
covered. Each chapter begins with a concise review of 
physiologic and methodologic principles, and then de- 
scribes the instrumentation in sufficient detail for under- 
standing, without getting into the blueprints. 

As expected, the cardiovascular and respiratory chapters 
receive a major share of the space. But the nervous system 
is well covered with descriptions of processed EEG and 
evoked potential instrumentation, and_ intracranial pres- 
sure recording is described. Temperature and neuromus- 
cular function are included, as well as fluids and electro- 
lytes, and fetal monitoring. Throughout, line drawings 
supplement the text and add clarity. Every chapter except 
one ends with a useful bibliography. The exception is 
acid-base and blood gas measurement, an omission, one 
hopes, that will be corrected in a future edition. Interest- 
ingly, pulse oximetry merits only a page and a half; I 
suspect that much of the literature on this subject has 
emerged too recently to be included. 

Many little “tricks” and aids are mentioned in addition 
to the necessary physiology and engineering. For instance, 
I was delighted to learn how a precordial stethoscope can 
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be kept in place with a 250-ml plastic IV solution bag. In the 
chapter on blood pressure monitoring, “ringing” and 
damping are lucidly described. The chapter on fetal moni- 
toring is enriched by a description of the Apgar score. 

The authors allege in the preface that the book is “short 
on theory and long on the dos and don'ts.” True, but they 
also include a lot of philosophy and common sense. There 
are chapters on alarms and computers, and safety and 
maintenance. The chapters on monitoring without mechan- 
ical or electronic instrumentation and the anesthesia record 
are true gems in conveying the rationale of monitoring. 

This is, happily, not your typical multiauthored text. 
Gravenstein and Paulus did it all, with a consistent and 
readable style and a refreshing lack of repetition and 
overlap. Yet the book encompasses a wealth of technical 
detail that for the most part is competently described. One 
can find an occasional quibble (I prefer “cerebral swelling” 
to their “cerebral edema” as the cause of acutely increased 
intracranial pressure) but this is a negligible price for a 
compact, comprehensive and up-to-date text. For contem- 
porary practitioners of anesthesia, this is an important 
book. 


Richard L. Keenan, Mp 
Professor and Chairman 
Department of Anesthesiology 
Medical College of Virginia 
Richmond, VA 23298 


Problems in Obstetric Anaesthesia. 
Barbara Morgan, ed. Chichester: John Wiley, 1987, 198 
pp, $50.00. 


This text contains clear concise writing by anesthetists who 
deal with their subjects on a daily basis. The book is meant 
to complement basic texts by placing emphasis on medical 
and anesthetic complications frequently encountered on 
the labor floor. Subjects covered include general and re- 
gional anesthesia, shock, aspiration, amniotic fluid embo- 
lism, cardiorespiratory disease, and fetal~neonatal effects of 
drugs. Two chapters in particular are well worth reading.” 
“Anesthesia and Maternal Death” provides the most com- 
plete available review on this important subject. Based on 
the only reliable epidemiologic data (Confidential Enquiry 
Into Maternal Death in England and Wales), the chapter 
offers detailed critical event analysis allowing the reader 
access to those factors involved in nearly every anesthetic 
associated with maternal death. Concrete and relevant 
recommendations are made based on the data that can be 
applied to everyday practice to avoid maternal morbidity 
and mortality. “Complications of Epidural Anaesthesia” is 
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simply written and extensively detailed. We highly recom- 
mend it for those who wish to refresh their knowledge of 
methods to assure safe conduct of epidural block. 

In contrast, some chapters appear to lack scholarship or 
credibility. To read the chapter “Problems of Analgesia in 
Labor” prompts the question: why does the author (and 
editor) choose to practice an art she considers so deleterious 
to labor, mother, and fetus? I cite only a few descriptive 
statements: “Epidural . . . is at times given early in labour 
. .. based on a mistaken concept that every labour needs 
analgesia ...°; “It has consistently been reported that 
some small number of mothers feel deprived of the expe- 
rience of childbirth as a result possibly of the very excel- 
lence of the analgesia.” (Epidural analgesia’s) attendant 
high forceps rate can cause a higher rate of maternal 
complications such as trauma to the genital tract and 
traumatic intracranial hemorrhage in the newborn”; (With 
epidural block} second stage is prolonged and there ap- 
pears to be an increase in forceps rate in primiparae with 
single cephalic presentation.” The author’s remarkably 
biased presentation propagates popular misconceptions 
about epidural block and its effect on labor based on poorly 
designed studies and traditional misinformation no longer 
accepted by informed anesthesiologists. There are no pro- 
spective randomized studies in humans showing a cause 
and effect relation between properly administered epidural 
anesthesia and forceps use or duration of labor. Indeed 
there is much evidence that in similar populations with 
similar fetal head presentations, there is little or no differ- 
ence in forceps rate or duration of second stage labor with 
or without epidural block. The author’s emphasis on 
women who prefer to suffer in labor over the choice of 
analgesia appears to portray her professional indifference 
to pain, and ignores the majority (more than 80% in a 
recent survey) who indicate a desire for pain relief. This 
chapter represents a serious misrepresentation of the safety 
and advantages to mother and fetus of epidural block in 
labor and significantly detracts from the quality of the book. 

The chapter titled “Severe Preeclampsia and Eclampsia” 
is evidence that old prejudices die hard. Essentially ignor- 
ing current understanding of this disease, the author 
downplays well-known studies that demonstrate the safety 
of epidural anesthesia in preeclampsia. The remarkable 
statement “general anesthesia is preferred to epidural... 
anesthesia for cesarean section” disregards a large body of 
evidence that shows skilled epidural for cesarean in the 
presence of this disease protects the mother from severe 
pulmonary and cerebral hypertension and provides a more 
favorable intrauterine environment. The author argues 
without documentation that hypotension after epidural 
block in preeclampsia is uncontrollable and that the extent 
of block required is too great. This transparent mea culpa 
gives fellow anesthetists little credit for clinical ability and 
wrongfully encourages the belief among clinicians, despite 
a lack of evidence, that epidural anesthesia in preeclampsia 
is to be avoided. Indeed the logical conclusion of these 
recommendations is that the anesthetist keep hands off 
until the severity of the disease requires emergency induc- 
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tion of general anesthesia, a choice that results in risks that 
are equal if not greater than those from regional block. The 
reviewers consider this chapter unacceptable in light of 
prevailing anesthesia practice and that those who espouse 
its merits may unwittingly promote a deterioration in the 
anesthetic care of the preeclamptic mother and fetus. In 
summary we highly recommend parts of this monograph 
but withold our unreserved endorsement. 


Theodore G. Cheek, mp 
Assistant Professor Anesthesia and Obstetrics and Gynecology 


John Sauter, MD 

Fellow in Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 > 


Obstetric Analgesia and Anaesthesia I & I. 
Gerard W. Ostheimer, ed. in Clinics in Anaesthesiology. 
Philadelphia, WB Saunders, 1986, v4, #1&2, 444 pp. 
$25.95/vol. 


This two-volume book is intended to present the practicing 
anesthesiologist or trainee with a concise overview of 
obstetric anesthesia and to serve as a teaching and refer- 
ence guide. Topically rather than conceptually oriented, the 
chapters are short and written for the most part by experts 
in the field. While some chapters go into great detail, others 
serve as quick reviews. Major issues are discussed and well 
referenced, with an occasional subject presented in a style 
that reflects the opinion of the writer. 

Many sections are outstanding examples of the art of 
writing and contain information hard to find elsewhere. 
“Pain of Parturition’ describes the anatomic, biochemical, 
and psychologic basis for the pain of labor, the physiologic 
risks induced by pain to the mother and fetus, and the 
maternal—fetal protective function served by analgesia dur- 
ing labor. “Toxicity of Local Anaesthetics I, Il, & III” 
provide a rational and scientific analysis of the controversy 
surrounding the use of bupivacaine and 2-chloroprocaine 
and give guidelines for the continued safe use of these 
drugs in obstetric anesthesia. “Failed Intubation Protocol” 
presents a methodical approach to this potentially disas- 
trous clinical situation in a well thought-out “drill” se- 
quence that clinicians in the United States should consider 
adopting. 

In contrast, we did not like the content or message of 
some sections. We were amazed to find “Pregnancy In 
duced Hypertension and Anesthetic Management” coau- 
thored by an obstetrician who is also a well-known oppo- 
nent of the use of epidural block in preeclampsia. The 
authors believe in minimal anesthesia involvement during 
labor and the use of local infiltration for delivery. A 
substantial part of the chapter is devoted to describing the 
induction of general anesthesia while the section on epi- 
dural anesthesia is short and timid in tone. Little space is 
given to the plentiful evidence for the safe use of epidural- 
anesthesia in pregnancy-induced hypertension and the 
well documented protection conferred by epidural block to 
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both the mother and fetus. Fluid management issues in 
preeclampsia are superficially and inadequately dealt with. 
The unstated message in this chapter is, ‘“Anesthesiologists 
do not understand fluid management in preeclampsia and 
are unable to avoid maternal hypotension and its adverse 
effects on the fetus.” This sad non sequitur is analogous to 
telling obstetricians that they are unable to reliably treat 
pregnancy-induced hypertension and have little ability to 
control blood loss during surgery. In our opinion, both the 
tone and notions contained in this chapter considerably 
weaken the value of the book. | 

The chapter on intraspinal narcotics provides an infor- 
mative basis for the neuropharmicologic action of opiates 
but is disappointing because the author does not encourage 
the routine use of postcesarean analgesia with epidural 
morphine. This circumspect opinion gives little credit to the 
many large series demonstrating the safe use of postcesa- 
rean epidural morphine and evidence that it is a clearly 
superior technique for postoperative analgesia. 

There is no chapter devoted to major conduction anes- 
thesia for labor and the subject is consequently discussed 
occasionally and in a fragmentary fashion. An overview of 
epidural analgesia for labor would seem appropriate given 
the stated intentions for this book. 


The book presents a wealth of useful information and 


opinion from well-known authorities and on this basis 
deserves strong consideration for inclusion in one’s library. 
The werk falls short as a primary reference text for the 
practicing anesthesiologist or trainee. 


Theodore G. Cheek, MD 


Assistant Professor Anesthesia and Obstetrics and Gynecology 


John Sauter, MD 

Fellow in Anesthesia 

Hospital of the University of Pennsylvania 
3400 Spruce Street 

Philadelphia, PA 19104 


The Age of Miracles, Medicine & Surgery in 
the Nineteenth Century. 


Guy Williams, Chicago: Academy Chicago Publishers, 
1987, 234 pp, $8.95. 


While this paperback book reviews the great advances in 
medicine and surgery during the nineteenth century, many 
of these advances were based on work that began in the 
eighteenth century or came to fruition in the twentieth 
century and these time periods are also covered. The 
opening paragraph points out that “’. . . before the end of 
the eighteenth century irremedial pain was part of the 
human condition ... (whereas) ... By the end of the 
nineteenth century, pain had become less inevitable, and 
could be to some extent controlled.” Perhaps that accom- 
plishment is the most telling for those of us who specialize 
in the management of problems in pain relief regardless of 
their cause. 

In anecdotal yet scholarly format, 16 advances ranging 
from anatomy (“body snatchers”) and antiseptics, through 
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blood transfusion and nursing, to vaccination and x-rays, 
are reviewed in addition to anaesthetics. While the story of 
Morton and the ether dome as well as Crawford Long's 
accomplishments are well-known, the earlier contributions 
of Davy are presented in detail along with the latter 
accomplishments of Simpson and Snow as well as the 
ill-fated experiment of Toynebee who conclusively demon- 
strated in 1886, perhaps for the first time, that self- 
administration of anesthesia is frought with hazard and can 
be lethal. 

The chapters on blood transfusion and development of 
the nursing profession were especially entertaining and 
informative. The history of blood transfusion back to the 
seventeenth century is reviewed and the importance of 
research on anticoagulants between 1891 and the outbreak 
of the First World War to the clinical use of citrated whole 
blood in battle casualties highlighted. Florence Nightingale 
is credited with doing “... more than anyone else to 
change the appalling conditions in British hospitals . . .” in 
the mid-nineteenth century. From her position as Superin- 
tendent of Female Nurses during the Crimean War she 
went on to a lifetime of training nurses who proceeded to 
upgrade the quality of patient care wherever they went. In 
summary, this book, which is as much social history as it is 
scientific and medical history, prevents an overview of the 
advances of the nineteenth. century in a manner that 
permits one to appreciate, on reflection, the advances in 
this, the twentieth century, and to anticipate those of the 
twenty-first. 


Norig Ellison, MD 

Department of Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 


Advances in Oxygen Monitoring— 
International Anesthesia Clinics. 


Kevin K. Tremper, Steven J. Barker, eds. Boston: Little, 
Brown, 1987, 239 pp, $20.00. 


This volume contains ten contributions or individual essays 
that could easily be read in any order. Its stated purpose is 
to review recent developments in O, measurement and to 
discuss future applications of new techniques. Establishe- 
dinvestigators have contributed reviews of emerging tech- 
nologies; the chapters reflect the biases of the individual 
authors. 

The book begins with a personal history of the oxygen 
electrode by Leland C. Clarke Jr, detailing experiments in 
his laboratory that led to the “Clarke electrode.” This well 
written chapter contains a clear description of polarogra- 
phic electrode function. The process behind a true scientific 
breakthrough makes for interesting reading and is not often 
encountered in the anesthesia literature. 

A chapter on the theory of transcutaneous oxygen 
tension measurement includes copious discussion of mod- 
els of skin blood flow and oxygen utilization that are 
extremely tedious and have little relevance to the average 
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clinician. On the other hand, Drs. Tremper and Barker's 
chapter on applications is a readable, well-referenced sum- 
mary of current information. Although brief, the next 
chapter on conjunctival oxygen monitoring succinctly de- 
scribes its advantages vis a vis transcutaneous techniques. 

This chapter on mixed venous oxygen saturation moni- 
toring consists mainly of case discussions. A bit more 
theoretical and practical information would have been 
welcome. The discussion of current models of Svo, measur- 
ing devices is probably out of place in this volume. 

Two chapters relating to pulse oximetry follow. The first 
is an outstanding description of how a pulse oximeter 
determines hemoglobin oxygen saturation and in my opin- 
ion was a bright spot in this volume. The following chapter 
thoroughly covered applications and limitations of the 
oximetry, but made for rather dull, if accurate, reading. 

The next two chapters are concerned with oxygen op- 
todes (oxygen-sensitive fluorescent indicator dyes), a tech- 
nique of oxygen measurement that is still experimental. 
While the discussion of theoretical aspects may be overly 
detailed for a volume of this scope, these devices may 
become commonplace if they can be successfully applied to 
indwelling intra-arterial technology. The final chapter dis- 
cusses in vivo monitoring of cerebral oxygenation and 
cytochrome oxidase redox state. This technique uses an 
infrared light source to determine the state of the copper 
atom of the terminal cytochrome. The chapter is a clearly 
written summary of the theory and problems with this 
innovative method which may be the first to monitor 
adequacy of oxygen delivery at the cellular level. 

Clearly, our ability to measure oxygen has progressed 
incredibly in the last 30 years. This volume documents this 
progress. However, the writing style is generally unin- 
spired and some of the information is more suited to 
physiologists than to practitioners of anesthesia. Therefore 
this book would be best used as a library reference source 
rather than part of an individual’s collection. 


Christian M. Alexander, MD 
Assistant Professor of Anesthesia 
Department of Anesthesiology 
University of Pennsylvania 
Philadelphia, PA 19104 


Anesthesia for Renal Transplantation. 
G. B. Graybar, L. L. Bready. Boston: Martinus Nijhoff, 
1987, 272 pp, $65.00. 


Renal transplantation is the only true treatment for the 
syndrome of end stage renal disease (ESRD) and as anes- 
thesiologists we are called upon to participate in this 
treatment both for organ harvesting and transplantation. 
We are also being ever more often called upon to give 
anesthesia for procedures for the placement of access 
cannulas for dialysis, which is the palliative treatment of 
this disease. 

The forward of this monograph describing the anes- 
thetic management for renal transplantation is appropri- 
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ately written by Dr. Leroy D. Vandam, who performed the 
anesthesia for the first successful allogenic kidney trans- 
plant in a human being 33 years ago. This is followed by a 
delightful history of the events that led up to this historic 
occasion. As with any multiauthored book there is an 
uneven quality of the chapters, but most are well-written 
and to the point. 

Several of the chapters in the monograph deserve spe- 
cial mention. The chapter on the criteria for the determina- 
tion of brain death as well as the preoperative and intraop- 
erative management of the renal or multiorgan donor was 
excellent and prepares us for this potentially unsettling - 
experience. Likewise the section on pediatric transplanta- 
tion is a complete and helpful guide for the management of 
this patient only recently seen. In the section on “Other 
Procedures” there is an excellent discussion on the best 
choice of agents for “monitored anesthesia care” supple- 
menting local anesthesia as well as a method for adminis- 
tration of a supraclavicular brachial plexus block for PTFE 
graft placement, which is weil-described in a simple cook- 
book fashion. The bibliographies of all of the sections are 
up-to-date and many are exhaustive. The section on neu- 
romuscular blocking agents answers the questions of what 
should I give and why. The practical considerations portion 
of the section on intravenous agents provided a helpful 
why?, why not?, and how to, discussion of the most 
commonly used intravenous agents. The “game plan” at 
the end of the book is a useful plan that systematically 
discusses the evaluation and anesthetic management of a 
patient with ESRD for allogenic transplantation or any 
major surgical procedure using the protocol devised at 
UAB, the home institution for the majority of the contrib- 
utors. 

There were a few disappointments as well. The chapter 
on medical management provides too short a discussion of 
immunosupressive therapy, especially cyclosporine A and 
monoclonal therapy, and these deficiencies were not made 
up for by overlap from other authors. The chapters on the 
basic science and pharmacology are either not complete 
enough or do not clearly deine the differences between 
normals and patients with ESRD. The chapter on monitor- 
ing was especially uneven. Twenty percent of the chapter 
was spent discussing arterial line placement, yet it did not 
discuss advantages and problems that can be encountered 
with noninvasive blood pressure monitoring. 

The choice of anesthesia for transplantation and surgical 
procedures other than dialysis access is a difficult one 
because these patients most frequently have multiorgan 
disease and their volume status is unknown. While the 
discussion of the pros and cons of regional versus general 
anesthesia was extensive, much of the physiology | dis- 
cussed may only be valid for in situ kidneys and not for 
transplants onto the iliac artery. In the discussion of epi- 
dural anesthesia the side effects of lidocaine were discussed 
extensively, despite the fact that it is no longer the anes- 
thetic of choice for long procedures, with no discussion of 
the effects and complications of long-acting drugs. I was 
especially disappointed that some of the reasons for choos- 
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ing general anesthesia were either not validated or put to 
rest once and for all in the text that followed. 

On the whole, the book has many good sections that 
make it an easy reference for the management of patients 
with ESRD not only for transplantation but for all other 
surgical procedures. It will be a useful addition to the 
reference shelves of any institution that provides care for 
these patients. 


P. D. Allen, MD, PhD 
Associate Professor of Anesthesia 
Brigham end Women’s Hospital 
Boston, MA 02115 


Positicning in Anesthesia and Surgery, Second 
Edition. 

John T. Martin, ed. Philadelphia: WB Saunders, 1987, 347 
pp, $45.00. 


The second edition of Positioning in Anesthesia and Sur- 
gery improves the first by including better illustrations, a 
broader discussion of the literature, and more material. In 
27 chapters, the 22 contributors cover the subject exhaus- 
tively. A few chapters review general topics: the physiology 
of erect and supine postures, neurologic and other compli- 
cations due to positioning, and “unusual patients,” such as 
infants, children, and parturients. The remaining chapters 
were organized in pairs, with each topic or position covered 
twice, once by a surgeon and once by an anesthesiologist. 

The text offers more to praise than to criticize. Most 
important, the book is unique. Nowhere else is this essen- 
tial information drawn together in such a useful form; most 
of us practicing anesthesia are aware of only a small fraction 
of it. Martin and his coauthors explore all aspects of 
positioring, ranging from a discussion of the physiology of 
cerebral blood flow in the Trendelenburg position to ex- 
plicit directions on how to organize a team of OR workers 
to turn a patient into the lateral position. Although not all 
topics are covered in equal depth, and critical review of the 
large number of studies cited is sometimes lacking, little is 
omitted. The lists of references are extensive. To get the 
most from a book organized like this one, the reader relies 
on the index. This index is adequate, although an alpha- 
betical list of positions by name would have been welcome. 

Perhaps the best feature of the text is the art work. 
Uniformly done, excellent line drawings by Roy Schneider 
have replaced the mixture of photographs and drawings 
found in the first edition, to excellent effect. The drawings 
make c.ear the salient features of the equipment and the 
positions in a way that photographs could not. 

While in some cases the issues of positioning do appear 
quite differently to parties on opposite sides of the ether 
screen, the redundant organization of the book is trouble- 
some. The chapters by Day on orthopedic positioning and 
by Singh on the prone positions are invaluable. However, 
the majority of the brief surgical chapters contribute little 
that is not duplicated by the anesthesiologists writing on 
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the same subjects. Armboards are discussed in the three 
locations, for example. Multiple authorship produces wide 
disparities in writing styles, which range from lucid to 
prolix and obtuse. One author refers to the “up arm,” while 
another calls it the ‘‘non-dependant arm.” Some authors 
review the literature in much more depth than others. In 
all, loose editing is this book’s greatest drawback. 

In his preface, Dr. Martin makes it clear that he feels the 
advantages of his format outweigh the disadvantages. I 
disagree: more anesthesiologists and surgeons would read 
a shorter, more tightly edited volume. As it is, though, the 
much improved second edition of this unique book is 
invaluable. I will make it part of the reading for the 
residents on the orthopedic anesthesia service that I super- 
vise. If you care for patients in the operating room you will 
do yourself and your patients a service by reading this book 
and applying its lessons. 


Frank L. Murphy, MD 

Associate Professor of Anesthesia 

Hospital of the University of Pennsylvania 
Philadelphia, PA 19104 
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A Guide for Authors 


Manuscripts should be sent to: 


Nicholas M. Greene, MD 

Editor in Chief 

Anesthesia and Analgesia 

Yale University School of Medicine 

333 Cedar Street, New Haven, CT 06510 


Editorial Policies 


Anesthesia and Analgesia, the oldest publication for the specialty of 
anesthesiololgy, is the official voice of the International Anesthesia 
Research Society. It publishes original articles, clinical reports, technical 
communications, review articles, and letters to the editor. 

All papers are reviewed by three or more referees. Acceptance is 
based upon significance, originality, and validity of the material pre- 
sented. Only one copy of the articles not accepted for publication will 
be returned to the author. 

The submitted manuscript should be accompanied. by a covering 
letter that must include a statement to the editor atout all submissions 
and previous reports that might be regarded as prior or duplicate 
publication of the same, or very similar, work. The title page and 
abstract of such material should be included with the submitted 
manuscript to help the editor decide how to deal with the matter. 

Manuscripts must be prepared and submitted in the manner de- 
scribed in “Uniform Requirements for Manuscripts Submitted to Bio- 
medical Journals,” reprinted in Annals of Internal Medicine 1982;96:766- 
71 and Lancet 1982;284:1766-70. 

No manuscripts describing investigations carried out in humans 
will be accepted for publication unless the text states that the study 
was approved by the authors’ institutional human investigation com- 
mittee and that written informed consent was obtained from all 
subjects or, in minors, by parents. No manuscript describing investi- 
gations in animals will be accepted for publication unless the text 
states that the study was approved by the authors’ institutional animal 
investigation committee. 

Human subjects should not be identifiable. Dc not use patients’ 
names, initials, or hospital numbers. 

Authors and their typists should use the checklist given below for 
preparation of manuscripts: 


General 


O Original articles describe in 3000 words or less clinical or laboratory 
investigations. 


O Clinical reports describe in 1000 words or less either new and 
instructive case reports or anesthetic techniques and equipment of 
demonstrable originality, usefulness, and safety. 


Q Technical communications are papers that deal with instrumentation 
and analytic techniques. 


O Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 


O Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles or 
brief notations of general interest. The manuscripts must be double 
spaced, and a title and three copies must be provided. 


O Type manuscripts on white bond paper, 216 by 279 mm (8% by 11 
in.) or ISO A4 (212 by 297 mm) with margins or at least 25 mm (1 in) 
using double spacing throughout. 


O Begin each of the following sections on separate pages: title page, 
abstract and key words, text, acknowledgments, references, tables 
(each table, complete with title and footnotes, should be on a 
separate page), and legends. Type only on one side of the paper and 
number pages consecutively, beginning with the title page. Type the 
page number in the upper right-hand corner of each page. 


©1988 by the International Anesthesia Research Society 


O Submit three copies of manuscript and figures in a heavy paper 
envelope. Submitted manuscripts should be accompanied by a 
covering letter, and pemissions to reproduce previously published 
materials or to use illustrations that may identify subjects. 


QO Authors should keep copies of everything submitted. 


Tile Page 


O The title page should contain the title of the article, which should be 
concise but informative; 


O A short running head or footline of no more than 40 characters 
(count letters and spaces) placed at the foot of the title page and 
identified; 

O First name, middle initial, and last name of each author, with highest 
academic degree(s); each listed author must a) have participated in 
the work to the extent that he or she could publicly defend its 
contents; b) have read the manuscript prior to its being submitted for 
publication; and c) be prepared to sign a statement to the effect that 
they have read the manuscript and agree with its publication. 


O Name of department(s) and institution(s) to which the work should 
be attributed; 


O Disclaimers, if applicable; 


O Name and address of author responsible for correspondence about 
the manuscript. 


O Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


O The source(s) of support in the form of grants. 


Abstract and Key Words 


O The second page should carry an abstract of not more than 150 
words. (Abstracts are not needed for Clinical Reports.) 


O The abstract should state the purposes of the study of investigation, 
basic procedures (study subjects or experimental animals; observa- 
tional and analytic methods), main <indings (give specific data and 
their statistical significance, if possible), and the principal conclu- 
sions. Emphasize new and important aspects of the study or obser- 
vations. 


O Define all abbreviations except those approved by the International 
System of Units. 


O Key (indexing) terms: Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in 
cross indexing the article and that may be published with the 
abstract. 


Text 


O The text of observational and experimental articles is usually—but 
not necessarily—divided into sections with the headings Introduc- 
tion, Methods, Results, and Discussion. 


O Case reports, reviews, and editorials do not require the above 
sections. 


O Introduction: Clearly state the purpose of the article. Summarize the 
rationale for the study or observation. Give only strictly pertinent 
references, and do not review the subject extensively. 


O Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer’s name and 
address in parentheses), and procedures in sufficient detail to allow 
other workers to reproduce the results. Give references to estab- 
lished methods, including statistical methods; provide references 
and brief descriptions for methods that have been published but are 


not well known; describe new or substantially modified methods, 
give reasons for using them, and evaluate their limitations. 


(3 Identify precisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration. 


C] Results: Present the results in logical sequence in the text, tables, and 
illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 


C} Discussion: Emphasize the new and important aspects of the study 
and conclusions that follow from them. Do not repeat in detail data 
given in the Results section. Include in the Discussion the implica- 
tions of the findings and their limitations and relate the observations 
to other relevant studies. Link the conclusions with goals of the 
study but avoid unqualified statements and conclusions not com- 
pletely supported by the data. 


C] Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. 


References 

All references must be available to all readers. Cite only references to 
books and articles or abstracts published in peer reviewed Index 
Medicus journals. Abstracts appearing only in programs of meeting are 
not acceptable, nor are abstracts more than five years old. 


C] Number references consecutively in the order in which they are first 
mentioned in the text, except in review articles when references may 
be arranged alphabetically. 


C} Identify references in text, tables, and legends by arabic numbers (in 
parentheses, on line) 


[J Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 


[C] The titles of journals must be abbreviated according to the style used 
in Index Medicus. 


{1 References must be verified by the author(s) against the original 
' documents. 


0 Examples of correct forms of references are given below: 


Journals: 

1. Standard Journal Articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) You CH, Lee 
KY, Menguy R. Electrogastrographic study of patients with unex- 
plained nausea, bloating and vomiting. Gastroenterology 
1980;79:311-4 

2. Personal author(s) books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974:406. 

3. Chapter in a book 
Weinstein L, Swartz, NM. Pathogenic properties of invading 
microorganisms. In; Sodeman WA, Jr, Sodeman WA, eds. Patho- 
logic physiology: mechanisms of disease. Philadelphia: WB Saun- 
ders, 1974:457-72. 


Tables 


© Type each table double spaced on a separate sheet. Do not submit 
tables as photographs. 


{1 Number tables consecutively and supply a brief title for each. Give 
„each column a short or abbreviated heading. 


C} Place explanatory matter in footnotes, not in the heading. Explain in 


footnotes all nonstandard abbreviations that are used in each table. 
For footnotes, use lowercase italicized letters in alphabetical order. 


Li Do not use internal horizontal or vertical rules. 
C Cite each table in the text in consecutive order. 


C] If data are used from another published or unpublished source, 
obtain permission and acknowledge fully. 


Iustrations 


L] Submit three complete sets of figures. Figures should be in black and 
white only and professionally drawn and photographed; freehand or 
typewritten lettering is unacceptable. Note: Art work of published 
articles will not be returned. 


Cl Instead of original drawings, roentgenograms, or other material 
send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm. 


O Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures or mount them on 
cardboard, or scratch or mar them by using paper clips. Do not bend 
figures. 


C] Photomicrographs must have internal scale markers. Symbols, ar- 
rows, or letters used in the photomicrographs should contrast with 
the background. 


L] Cite each figure in the text in consecutive order. If a figure has been 
published, acknowledge the original source and submit written 
permission from the copyright holder to reproduce the material. 
Permission is required, regardless of authorship or publisher, except 
for documents in the public domain. 


Legends for illustrations 


C] Type legends for illustrations double spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 


L] When symbols, arrows, numbers, or letters are used to identify parts 
of the illustrations, identify and explain each one clearly in the 
legend. 


Abbreviations 


C The full term for which an abbreviation stands should precede its 
first use in the text unless it is a standard unit of measurement. 
Avoid abbreviations in the title. 


© Do not synthesize new or unusual abbreviations. When many 
abbreviations are used, include all in a box of definitions at the start 
of the article. 


M Consult the following sources for abbreviations: 

1. CBE Style Manual Committee. Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 4th ed. Arlington, Virginia: Council of Biology 
Editors, 1978; and 

2. O’Connor M, Woodford FP. Writing scientific papers in English: 
an ELSE-Ciba Foundation guide for authors. Amsterdam: Else- 
vier-Excerpta Medica, 1975. 


Exclusive Publication Statement 


C The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the materia) in this manuscript 
has been published previously nor is any of this material currently 
under consideration for publication elsewhere. 


O Authors will be asked to transfer copyright of articles accepted for 
publication to the International Anesthesia Research Society. 
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(atracurium besylate) 


TRACRIUM® Injection is 
uniquely designed to eliminate 
the possibility of drug accumula- 
tion. TRACRIUM permits a 
more predictable neuromuscular 
blockade, regardless of patient 
age, organ function, or duration 
of surgery. This predictability 
affords greater control, and thus, 
improved patient care. 
TRACRIUM is not dependent on 
liver or renal function for 
termination of action. This 
unique metabolism ensures the 
absence of cumulative effects, 
even in those with compromised 
kidney or liver function. 


Predictable Control 
Every Step of the Way 

Unlike other neuromuscular 
blockers, TRACRIUM requires 
no dose adjustments to compen- 
sate for drug accumulation. 


INJECTION 


Non-Accumulation 


Equipotent doses administered at 
equal intervals provide a 
consistently predictable dose 
response within a given patient. 
Rapid and spontaneous recovery 
occurs even after multiple re- 
injection or long periods of 
continuous infusion.’ Recovery 
from muscle paralysis is 
predictable and respiratory 
inadequacy from residual 
blockade is minimized, allowing 
a smooth, predictable transition 
to recovery. 


TRACRIUM by infusion may 
translate into more time you can 
devote to specialized and 
extensive monitoring of your 
patients. This is the key to greater 
control of muscular blockade and 
greater predictability throughout 
the entire procedure. 


YOU'RE IN CONTROL 





See brief summary of prescribing information on next page. 
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TRACRIUM® INJECTION 


(atracurium besylate) 
Brief Summary 


This drug should be used only by adequately trained individuals familiar with its actions, character- 
istics, and hazards 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT 
AND RESPIRATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE 
FOR ENDOTRACHEAL INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION 
OF POSITIVE PRESSURE OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH 
ASSISTED OR CONTROLLED VENTILATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD 
BE IMMEDIATELY AVAILABLE 


DO NOT GIVE TRACRIUM BY INTRAMUSCULAR ADMINISTRATION 


Tracrium has no known effect on consciousness, pain threshold, or cerebration. It should be used 
only with adequate anesthesia. 


Tracrium Injection, which has an acid pH, should not be mixed with alkaline solutions (e Q.. 
barbiturate solutions) in the same syringe or administered simultaneously during intravenous infu- 
sion through the same needle. Depending on the resultant pH of such mixtures, Tracrium may be 
inactivated and a free acid may be precipitated 


PRECAUTIONS: 

General: Although Tracrium is a less potent histamine releaser than d-tubocurarine or metocurine. 
the possibility of substantial histamine release in sensitive individuals must be considered. Special 
Caution should be exercised in administering Tracrium to patients in whom substantial histamine 
release would be especially hazardous (e.g., patients with clinically significant cardiovascular dis- 
ease) and in patients with any history (e.g., severe anaphylactoid reactions or asthma) Suggesting a 
greater risk of histamine release. In these patients, the recommended initial Tracrium dose is lower 
(0.3 to 0.4 mg/kg) than for other patients and should be administered slowly or in divided doses 
over one minute 


Since Tracrium has no clinically significant effects on heart rate in the recommended dosage range, 
it will not counteract the bradycardia produced by many anesthetic agents or vagal stimulation. As a 
result, bradycardia during anesthesia may be more common with Tracrium than with other muscle 
relaxants. 


Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert syndrome 
or other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 
The use of a peripheral nerve stimulator is especially important for assessing neuromuscular 
blockade in these patients. Similar precautions should be taken in patients with severe electrolyte 
disorders or carcinomatosis 


The safety of Tracrium has not been established in patients with bronchial asthma. 


Drug Interactions: Drugs which may enhance neuromuscular blocking action of Tracrium include 
enflurane; isoflurane; halothane: certain antibiotics, especially the aminoglycosides and polymyxins: 
lithium; magnesium salts; procainamide: and quinidine 


lf other muscle relaxants are used during the same procedure, the possibility of a synergistic or 
antagonist effect should be considered 


The prior administration of succinylcholine does not enhance the duration. but quickens the onset 
and may increase the depth of neuromuscular blockade induced by Tracrium. Tracrium should not be 
administered until a patient has recovered from succinylcholine-induced neuromuscular blockade 


Carcinogenesis, Mutagenesis, Impairment of Fertility: A positive response was observed in the 
mouse lymphoma assay under conditions which killed over 80% of the treated cells. A far weaker 
response was observed in the presence of metabolic activation at concentrations which also killed 
over 80% of the treated cells 


Pregnancy: Teratogenic Effects: Pregnancy Category C. Tracrium has been shown to be potentially 
teratogenic in rabbits, when given in doses up to approximately one-half the human dose. There are 
no adequate and well-controlled studies in pregnant women. Tracrium should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Labor and Delivery: It is not known whether muscle relaxants administered during vaginal delivery 
have immediate or delayed adverse effects on the fetus or increase the likelihood that resuscitation of 
the newborn will be necessary. The possibility that forceps delivery will be necessary may increase 


Tracrium (0.3 mg/kg) has been administered to 26 pregnant women during delivery by cesarean 
section. No harmful effects were attributable to Tracrium in any of the newborn infants, although 
small amounts of Tracrium were shown to cross the placental barrier. The possibility of respiratory 
depression in the newborn infant should always be considered following cesarean section during 
which a neuromuscular blocking agent has been administered. In patients receiving magnesium 
sulfate, the reversal of neuromuscular blockade may be unsatisfactory and Tracrium dose should be 
lowered as indicated 


Nursing Mothers: It is not known whether the drug is excreted in human milk. Caution should be 
exercised when Tracrium is administered to a nursing woman. 


Pediatric Use: Safety and effectiveness in children below the age of 1 month have not been 
established. 


ADVERSE REACTIONS: 

Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during extensive 
Clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall 
incidence rate for clinically important adverse reactions was 7/875 or 0.8% 


Most adverse reactions were of little clinical significance unless they were associated with significant 
hemodynamic changes. Substantial vital sign changes greater than or equal to 30% observed in 530 
patients, without cardiovascular disease, were as follows: in those patients given the recommended 
initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean arterial pressure increased in 2.8% and 
decreased in 2.1% of patients while the heart rate increased in 2.8% of these patients. At doses of 
= 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial pressure while 4.8% 
had an increase in heart rate. At doses < 0.30 mg/kg, mean arterial pressure increased in 1.9% and 
decreased in 1.1% of patients, while heart rate increased in 1.6% and decreased in 0.8% of these 
patients. 


Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most 
frequently reported: General: allergic reactions (anaphylactic or anaphylactoid) which, in rare instances, 
were severe (€.9., Cardiac arrest); Musculoskeletal: inadequate, prolonged block; Cardiovascular: 
hypotension, vasodilatation (flushing), tachycardia, bradycardia; Respiratory: dyspnea, broncho- 
spasm, laryngospasm; /ntegumentary: rash, urticaria, injection site reaction 
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& Stratton, 1984, p 98. 
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NITROUS 
OXIDE/N,O 


Editor: Edmond I. Eger Il, M.D., 

Professor and Vice Chairman for Research, 
Department of Anesthesia, 

University of California, San Francisco 


After 140 years of use, nitrous oxide is now known to be 
more than an inert vehicle for other, more potent anes- 
thetics. Nitrous oxide affects the function of every body 
tissue significantly. Optimum application requires a full 
appreciation of both the benefits and potential hazards 
of this anesthetic substance. 


Nitrous Oxide/N,O is a complete resource on the subject. 
It describes what is known about nitrous oxide — applica- 
tions and contraindications — and debates its continued 
clinical use. The current clinical applications of NO are 
reviewed by means of: 
m thorough discussion of N.O pharmacology and 
distribution 
m detailed summary of known side effects and toxicity 
m practical guidelines for avoiding and managing 
these effects 
Finally, the case for administering this anesthetic is care- 
fully and candidly assessed in chapters by proponents of 
both views. Nitrous Oxide/N.O is a controversial work that 
everyone using the drug will want to read. 


Contents. Preface. Contributors. A History of Nitrous 
Oxide. Physics, Chemistry, and Manufacture of Nitrous 
Oxide. Nitrous Oxide Analgesia. MAC. Nitrous Oxide 
Delivery Systems. Pharmacokinetics. Respiratory Effects 
of Nitrous Oxide. Cardiovascular Effects of Nitrous Oxide. 
Central Nervous System Effects of Nitrous Oxide. Neu- 
romuscular Effects of Nitrous Oxide. Nitrous Oxide in 
Obstetrics. Metabolism of Nitrous Oxide. Nitrous Oxide 
Inactivates Methionine Synthetase. Mutagenicity, Car- 
cinogenicity, and Teratogenicity of Nitrous Oxide. Nitrous 
Oxide Abuse. Toxicity of Nitrous Oxide. The Use of Nitrous 
Oxide by Dentists. Nitrous Oxide in Veterinary Practice 
and Animal Research. Controlling Occupational Exposure 
to Nitrous Oxide. Should We Not Use Nitrous Oxide. We 
Should Continue to Use Nitrous Oxide. Epilogue. Index. 
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MDAS OR CRNAS: TRANS-AMERICAN 
ANESTHETISTS, WEST 

Temporary or Permanent MDAs, CRNAs, 
ready to serve you, up-to-date skills, coop- 
erative, licensed, insured professionals car- 
ing about you. Call 1-800-762-1258, 303A 
West Uintah, Suite 807, Colorado Springs, 
CO 80905. 
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ROCKY MTS./SOUTHWEST 

We have career and temporary positions 
available from solo to large group practice 
in the Rocky Mts. and Southwest. Ex- 
penses paid; partnerships usually avail- 
able. Please contact Southwest Anesthesia 
Services, PO Box 5719, Santa Fe, NM 87501. 
(505) 983-7371. 
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TUTORING FOR WRITTEN AND ORAL 


"= BOARD EXAMS: 


-ndividual or small group sessions given in 


¿New York City, San Francisco, and Palm 
‘Springs. Unique approach to development 


of test-taking skills, including mock orals. 


» Basic science emphasis. Call 415-321-1117. 
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BEST ORAL BOARD PREP 
At best price. Includes mental training 


_ techniques for Peak Performance. Four 
_ practice exams. Reply Best Exam Prep. An- 
. esthesia Department, 5400 Gibson S.E., Al- 
- buquerque, NM 87108 (505) 262-7197. 





: ORAL BOARD REVIEW 
< Practice exams with critique. Intensive 
weekend course in Tampa, FL. Next class 


May 13-15. Two instructors. Limited class 
size. Reply: 2656 Gunckel BI., Toledo, OH 
43606 or (419) 729-6325; (419) 475-9641— 
evenings. 
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ABA ORAL EXAM REVIEW IN SCOTTSDALE 
This weekend course will stimulate, chal- 
lenge, educate, and prepare candidates for 
the oral exam, using case discussions. Re- 
cent significant research articles will be 
discussed. Special separate sessions for 
FMGs with language difficulties. Limited 
class size. Call for dates and information 
(602) 264-6340. 
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- FREELANCE ANESTHETISTS 
= Temporary and permanent—Medical Anes- 


thesiologists—-CRNAs/Home-based through- 


out the United States. If you need an anes- 
thetist, call (800) 521-6750, ALL-STATES 
MEDICAL PLACEMENT AGENCY, Box 
91, LaSalle, MI 48145, or (313)241-1454 
(MI). 
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MARYLAND 

Anesthesiologist BC/BE sought for three- 
member group serving mdoern 200-bed 
community hospital. Six CRNAs. 4,000 ca- 
ses/year. All surgical subspecialities except 
cardiac, Regional trauma center. Moderate 
OB. Active new outpatient surgery unit 
within hospital. Community of 25,000 in 
mountains of Western Maryland. Close to 
four-season recreational opportunities. Po- 
sition available January 1988, but will wait 
for right person. Salary first, leading to 
partnership. Send CV and references to: 
W.R. Hodges HI, MD, Department of An- 
esthesia, Memorial Hospital and Medical 
Center, Cumberland, MD 21502. 
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WANT TO PASS THE ORAL BOARDS? 
WANT TO PASS THE WRITTEN BOARDS?? 
Learn how to take the oral and written 
boards through the use of mock exams and 
individualized critiques. In this weekend 
course you will learn skills in organization, 
analysis, and flexibility necessary to excel 
in the review. Scores of anesthesiologists 
will attest to the success of this review 
course. For references and information, 
send name, address, and telephone num- 
ber to Box KK42 c/o Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510 or 
call (718)727-9690, 
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OREGON 

Oregon Health Sciences University, De- 
partment of Anesthesiology, is recruiting 
for faculty members at the Assistant and 
Associate Professor levels. Specialized year 
training or equivalent experience is re- 
quired. Specific need exists in critical care, 
pediatric, obstetrical, and cardiac anesthe- 
sia but others with strong clinical teaching 
interest and ability will be considered. Re- 
search interest and background is desir- 
able. Candidates must be eligible for Ore- 
gon Medical License. Please send C.V. and 
names of three references to Wendell C. 
Stevens, M.D., Department of Anesthesiol- 
ogy, 3181 S.W. Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 
ty/affirmative action employer. 





ANESTHESIOLOGIST BC/BE 

to join group of 10 MDs with CRNAs in a 
large hospital located in a pleasant mid- 
western community on the Great Lakes. 
Busy practice covering all major surgical 
Subspecialties plus respiratoryICU in- 
volvement and minimal OB. Excellent start- 
ing salary and benefits package leading to 
early partnership. Reply to Box LL47, c/o 
Anesthesia and Analgesia, 333 Cedar Street, 
New Haven, CT 06510. 








ANESTHESIOLOGIST 

Board certified/board eligible, to join a four- 
member incorporated group with CRNAs. 
400-bed community hospital in Western 
Pennsylvania, close to large metropolitan 
areas. Excellent schools, recreational facili- 
ties, friendly community. All types of an- 
esthesia except open heart, minimal OB. 
Reply to: Box LL48 c/o Anesthesia and Anal- 
gesia, 333 Cedar Street, New Haven, CT 
06510. 
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ANESTHESIOLOGIST: UPPER MIDWEST 
Tertiary care hospital. Busy heart schedule, 
neuro, pediatric, OB, anesthesia for labor. 
Active outpatient surgery. Pain Clinic. 
Must be able to work effectively as part of 
the anesthesia care team. Will be taking 
in-house call. Fellowship in Cardiac, Pedi- 
atric, OB or Pain a definite asset. Board 
Certified or eligible desired. Include CV, 
references, and photo with initial reply to 
Box LL49 c/o Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 









CLASSIFIED ADS 










Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions, or wishing to announce 
meetings, postgraduate courses, or other 
events. Display space (minimum 1/4 page) is 
also available through Pharmaceutical Media, 
Inc. Rates for classified advertising: $1.00 per 
word, minimum twenty words. Additional 
fee of $12.00 for box number ads. Copy dead- 
line 7 weeks prior to publication, e.g., for the 
March issue, copy should be received by the 
Ist of January. Full payment or institufional 
purchase order must accompany the copy for 
each ad. Ads received without a check or 
purchase order will be returned. Ad copy, 
subject to acceptance by publisher, should be 
typed double-spaced and mailed in duplicate 
to: 

Anesthesia and Analgesia 

Desk Editorial l 

Classified Ads 

Elsevier Science Publishing Co, Inc, 

52 Vanderbilt Avenue, New York, NY 10017. 
Make checks payable to Elsevier Science Pub- 
lishing Co., Inc. 
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PEDIATRIC ANESTHESIOLOGIST 

wanted for University Hospitals. Must be 
at least board eligible. Competitive salaries 
and benefits. Inquiries from minority can- 
didates are encouraged. Send curriculum 
vitae to Helmut F. Cascorbi, M.D., Ph.D., 
Professor and Chairman, Department of 
Anesthesiology, University Hospitals of 
Cleveland, 2074 Abington Road, Cleve- 
land, OH 44106, 








UNIVERSITY HOSPITALS OF CLEVELAND 
Department of Anesthesiology is recruiting 
faculty for University Hospitals and affil- 
lated hospital. Candidates with specialty 
training in pediatric anesthesiology or pain 
management preferred. Must be at least 
board eligible. Competitive salaries and 
benefits. Inquiries from minority candi- 
dates are encouraged. Send curriculum vi- 
tae to Helmut F. Cascorbi, M.D., Ph.D., 
Professor and Chairman, Department of 
Anesthesiology, University Hospitals of 
Cleveland, 2074 Abington Road, Cleve- 
land, OH 44106, 








DON’T BE UNPREPARED 

ORAL BOARD PREPARATIONS, PRAC- 
TICE EXAMS WITH CRITIQUE/INTEN- 
SIVE WEEKEND COURSE. 

THREE BOARD-CERTIFIED, ACADEMIC 
ANESTHESIOLOGISTS. Limited Class 
Size; Reply: (313) 429-4384, (313) 668-8966, 
(305) 352-9138. TO INQUIRE IN WRITING 
PLEASE ADDRESS TO: 2988 ROBAL CT. 
SALINE, MI 48176 








DELAWARE 

Anesthesiologist needed on or about July 1, 
1988 to join very attractive fee-for-service 
group of MDs and CRNAs. Busy 200-bed 
hospital doing all surgery except open 
heart. Minimal OB. Major cities, resorts 
nearby. Prefer graduating resident, but will 
consider all. Don’t miss this one. Reply to 
Box MM50, cio Anesthesia and Analgesia, 333 
Cedar Street, New Haven, CT 06510. 








UNIVERSITY OF CALIFORNIA, DAVIS DE- 
PARTMENT OF ANESTHESIOLOGY 

Faculty position available, Assistant/Asso- 
ciate/Full Professor level, (level commesu- 
rate with qualifications). Position is in ex- 
panding, young department with emphasis 
on teaching and research. Particular em- 
phasis on critical care (trauma), pain man- 
agement, and out-patient anesthesia. Pre- 
requisites include: board certified; meet 
California license requirements; clinical ex- 
pertise; demonstrated ability as a research 
scientist and ability to write scholarly arti- 
cles. Women and minorities are encour- 
aged to apply. Send curriculum vitae, bib- 
hography, and names of five references to: 
John H. Eisele, Jr., M.D., Anesthesiology 
Department, University of California, Da- 


vis, Medical Center, 2315 Stockton Blvd., 
Sacramento, California 95817. This position 
is opened until filled but not later than April 30, 
1988. We are an Equal Opportunity, Affir- 
mative Action Employer. 
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FACULTY POSITIONS AT UNIV. CALIF., DA- 
VIS 

Eight full-time faculty positions at the As- 
sistant/Associate/Full Professor level (title 
series, rank and salary commensurate with 
experience and qualifications). The posi- 
tions require demonstrated experience in 
didactic teaching, clinical training, and pa- 
tient care, with an established research 
interest. Applicants must have at least 4 
years of postgraduate training, completion 
of an approved anesthesia residency plus a 
fellowship year or equivalent training in 
subspecialty area; board eligibility; meet 
California license requirements. Particular 
attention will be given to those having 
critical care, pain, OB/Gyn or ambulatory 
surgery training. Women and minorities 
are encouraged to apply. Send curriculum 
vitae, bibliography, and names of three refer- 
ences to John H. Eisele, Jr., M.D., Anesthe- 
siology Department, University of Califor- 
nia, Davis, Medical Center, 2315 Stockton 
Blvd., Sacramento, CA 95817. Position 
open until filled but not later than October 
31, 1988. We are an Equal Opportunity/Af- 
firmative Action Employer. 








ARIZONA 

The Department of Anesthesiology at the 
University of Arizona College of Medicine 
has openings for both clinical and tenure 
track faculty. Female and minority appli- 
cants are welcome. Applicants interested in 
an academic career should contact: Burnell 
R. Brown Jr, M.D., Ph.D., Department of 
Anesthesiology, Arizona Health Sciences 
Center, Tucson, AZ 85724. Equal Employ- 
ment Opportunity/Affirmative Action Em- 
ployer. Closing date: 6/30/88. 








ANESTHESIOLOGY RESIDENTS 

Royal College Fellowship certificate hold- 
ers seeking entrance into the examination 
and certification system of the American 
Board of Anesthesiology are encouraged 
to apply for 1 year of clinical training in 
Anesthesiology at the CA-3 level at The 
University of Alabama at Birmingham. For 
further information, contact Director of 
Resident Education, Dr. James Boyce, De- 
partment of Anesthesiology, The Univer- 
sity of Alabama at Birmingham, 619 South 
19th Street, Birmingham, Alabama 35233 
(telephone 205/934-6500). An Affirmative 
Action/Equal Opportunity Employer. 








WISCONSIN: MEDICAL COLLEGE OF WIS- 
CONSIN 

Department of Anesthesiology has an im- 
mediate opening for an individual with 


primary interest in critical care medicine. 
Qualifications include ABA certification or 
Board eligibility, completion of a critical 
care fellowship and Wisconsin state licen- 
sure or eligibility. Applicants should have 
strong interest in clinical teaching and pa- 
tient care. Research interest and back- 
ground are desirable. Salary and level of 
faculty position will be commensurate with 
qualifications. Interested candidates should 
send CV to: Eugene Y. Cheng, M.D., De- 
partment of Anesthesiology, Medical Col- 
lege of Wisconsin, 9200 W. Wisconsin Av- 
enue, Milwaukee, WI 53226. 
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PASS YOUR ORAL BOARDS 

Learn how! Reorganize and clarify your 
knowledge for unique questions and nec- 
essary answers. Best preparation by mail for 
oral format. Anesthesia Tutorials; Box 253, 
245 East 54 Street, New York, NY 10022. 








ANESTHESIOLOGIST: ASSISTANT PROFES- 
SOR 

Board certified or equivalent. Applicant 
must have at least one year experience as a 
research fellow preferably in respiratory 
physiology. Responsibilities include in- 
struction of medical students, interns and 
residents in various aspects of anesthesiol- 
ogy, clinical service; clinical and/or basic 
science research; and publication of schol- 
arly articles. Must be licensed or eligible for 
Texas licensure. The University of Texas 
Health Science Center, Department of An- 
esthesiology, 7703 Floyd Curl Dr., San An- 
tonio, TX 78284. Equal opportunity em- 
ployer. 








DIRECTOR, OBSTETRICAL ANESTHESIOL- 
OGY PROGRAM 

At The University of Texas Health Science 
Center, San Antonio. Professor level with 
board certification or equivalent. Must have 
extensive research and teaching. Responsi- 
bilities include instruction of medical stu- 
dents, interns and residents in various as- 
pects of anesthesiology; clinical service; 
clinical and/or basic science research; and 
publication of scholarly articles. Must be 
licensed or eligible for Texas licensure. 
Equal opportunity employer. Department 
of Anesthesiology, 7703 Floyd Curl Dr., 
San Antonio, TX 78284. 








FLORIDA 

Anesthesiologist-BC/BE, for one or two 
openings in private practice. Located 
southwest coast of Florida. Excellent op- 
portunity to join well established group. 
All procedures. No open heart or pain 
clinic. Reply to Box NN54, c/o Anesthesia and 
Analgesia, 333 Cedar Street, New Haven, 
CT 06510. 











TMOUTH-HITCHCOCK MEDICAL 









section of Anesthesiology at the Dart- 
th-Hitchcock Medical Center in Ha- 
r, NH is seeking a Board Certified- 
d Eligible anesthesiologist to join the 
ty. Applicants should have formal 
‘ing beyond the three-year continuum 
subspecialty of anesthesiology practice 
"ave recognized skills in a subspecialty 
of anesthesiology in lieu of formal 
wship training. Pain therapy or cardio- 
ular anesthesiology would be particu- 
y desirable. The successful candidate 
st have a commitment to teaching med- 
students and residents in addition to 
sical expertise. Ability and desire to do 
“ical and/or basic research is essential. 
demic title and compensation consist- 
with experience. Submit curriculum vi- 
to: David Glass, M.D., Chief, Section of 
“esthesiology, Hitchcock Clinic, Dart- 
duth-Hitchcock Medical Center, Ha- 
ever, NH 03756. An equal opportunity/af- 
~samative action employer. 



















Va LINOIS 

_3E/BC anesthesiologist to join group of 
MDs and 2CRNAs in 400-bed community 
“Aospital—-Chicago suburb. Active open 
“eart service. Prefer recent graduate with 
“regional anesthesia expertise. Curriculum 
vitae to CSS Associates, 6819 Winston 
Drive, Tinley Park, Ilinois 60477. 











ANESTHESIA INTENSIVIST 

Anesthesia intensivist sought to join three 
_other intensivists (2 medical, 1 surgical) in 
supervising a multidisciplinary academic 
-Medical-Surgical ICU at Baystate Medical 
Center, an 878-bed regional referral center 
affiliated with Tufts University School of 
Medicine and with regional trauma and 
‘burn programs. Critical Care Program is 
supported by residents in medicine, sur- 
gery, anesthesiology and other specialties. 
‘Apply to Howard Trachtenberg, MD, 
‘Chairman, Dept of Anesthesiology or Da- 
niel Teres, MD, Chief, Adult Critical Care 
Program, Baystite Medical Center, 759 
Chestnut Street, Springfield, MA 01199. 


* 













ANESTHESIOLOGY FELLOWSHIPS, SPE- 
‘CIALIZED YEAR, (PGY-5) 

Applications are now being accepted for 
Anesthesiology Fellowships in the Depart- 
ment of Anesthesiology at the University of 
Massachusetts Medical Center in Wor- 
cester, Massachusetts. The Fellowship po- 
sitions available are in the following areas; 


Pain Control, Critical Care Medicine, Car- 
diovascular Medicine and Research. Inter- 
ested candidates please submit curriculum 
vitae to Gary Welch, MD, PhD, Chairman, 
Department of Anesthesiology, University 
of Massachusetts Medical Center, 55 Lake 
Avenue North, Worcester MA 01655. 
UMMC is an equal opportunity/affirmative 
action employer. 








ANESTHESIOLOGIST/ACADEMIC ANESTHE- 
SIOLOGISTS 
Full-time academic positions available in a 
416-bed teaching hospital for anesthesiolo- 
gists with subspecialty fellowship training 
in cardiac anesthesia, chronic pain control 
or neuroanesthesia. Faculty rank commen- 
surate with experience. Board certified can- 
didates preferred. Send CV to: Sanford L. 
iein, D.D.S., M.D., Department of Anes- 
thesia, UMDNJ-Robert Wood Johnson 
Medical School, One Robert Wood Johnson 
Place, CN-19, New Brunswick, NJ 08903- 
0019. An equal opportunity/affirmative ac- 
tion employer. 








MIAMI 

ANESTHESIOLOGIST BC’BE to join group 
of 9 MDs with 6 CRNAs located in the 
Greater Miami Area. Excellent starting sal- 
ary and benefits. Reply to Hialeah Anesthe- 
sia Group, P.O. Box 133430, Hialeah, FL 
33013. 








NEBRASKA, ANESTHESIOLOGY 

The University of Nebraska Medical Center 
has faculty positions available for board 
certified/board eligible anesthesiologists. 
Academic rank and salary commensurate 
with education and experience. Fellowship 
training and/or experience in research and 
teaching desirable but not required. Expe- 
nence in pain management, regional anes- 
thesia, or obstetrical anesthesia an advan- 
tage. Candidates must be eligible for 
Nebraska medical licensure. Interested ap- 
plicants should send curriculum vitae and 
two letters of reference to: Dennis F. Lan- 
ders, M.D., Ph.D.; Interim Chairman; De- 
partment of Anesthesiology; University of 
Nebraska Medical Center; 42nd & Dewey 
Avenue; Omaha, Nebraska 68105. Affir- 
mative Action/Equal Opportunity Em- 
ployer. 








DUKE UNIVERSITY | 
Faculty positions (2-4) at the instructor or 
assistant professor rank are available from 
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the present through September 1, 1988. 
New faculty candidates with a strong de- 
sire to conduct clinical research and teach- 
ing in an outstanding academic environ- 
ment are invited to apply. The tenured 
faculty is committed to the long-term career 
objectives of our junior members. Appli- 
cants should note those subspecialties of 
anesthesiology with which they may prefer 
to affiliate at Duke. Minimum qualifications 
consist of a complete three-year residency 
and N.C. state licensure. Send a letter of 
career plans/goals and curriculum vitae to: 
W. David Watkins, M.D., Ph.D., Professor 
and Chairman, Dept. of Anesthesiology, 
and Professor, Dept. of Pharmacology, 
P.O. Box 3094, Duke University Medical 
Center, Durham, North Carolina 27710. For 
further assistance or information call Mrs. 
Rosemary Cumbie, 919-681-2498. Duke 
University is an EO/AA Employer. 








CHIEF ANESTHESIOLOGIST *** MAINE *** 

Exciting opportunity for BC/BE Anesthesi- 
ologist at Rumford Community Hospital, a 
97-bed community hospital affiliated with a 
250-bed medical center. Community of 
8,000+ offering a quality four-season life- 
style, affordable housing, and easy access 
to coast, mountains, rivers, and lakes. For 
additional information please forward CV 
to Box NN53 c/o Anesthesia and Analgesia, 
333 Cedar Street, New Haven, CT 06510. 








ANESTHESIOLOGIST—Full-Time faculty 
position 

available for Board eligible anesthesiologist 
with fellowship training in a sub-specialty 
area (obstetrical; anesthesia, cardiac anes- 
thesia, or neuro-anesthesia). Faculty rank 
will be commensurare with experience. Du- 
ties include patient care, teaching and re- 
search. Send CV to Christer Carlsson, MD, 
Professor and acting Chairman, Dept. of 
Anesthesiology, Temple University School 
of Medicine, Broad & Ontario Sts., Phila- 
delphia, PA 19140. Equal Opportunity/Af- 
firmative Action Employer. 








ANESTHESIOLOGIST: FULL-TIME, INCOR- 
PORATED PRACTICE 

400-bed hospital, all types of anesthesia. 
We presently have 5 anesthesiologists and 
10 nurse anesthetists. Liberal fringe bene- 
fits, retirement plan and vacation. Good 
remuneration. Please reply to: EAS, Inc., 
East River Medical Building, 436 East River 
Street, Suite 2, Elyria, Ohio 44035. 
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A PHARMACOKINETIC PROFILE 
THAT PERMITS FLEXIBILITY OF 
DOSING TECHNIQUE 


BOLUS/INCREMENTAL 
ADMINISTRATION 


for short procedures lasting up to 30 minutes 


iN spontaneously breathing patients, or for procedures 
lasting 30 to 60 minutes in intubated patients 


CONTINUOUS 
INFUSION 


for procedures lasting more than 45 minutes 
in intubated patients 
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*As with other opioids, hypotension and bradycardia have been reported. 


‘As with all potent opioids, appropriate postoperative monitoring should be employed to ensure that adequate 
spontaneous breathing is established and maintained. 


The duration and degree of respiratory depression and increased airway resistance usually increase with dose, but have 
also been observed at lower doses. Because of the possibility of delayed respiratory depression, monitoring of the patient 
must continue well after surgery. Skeletal muscle rigidity is related to the dose and speed of administration of ALFENTA. 
Dosage should be individualized in each case. 


See following page for brief summary of Prescribing Information. 
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Alfenta 


(alfentanil HCI) Injection @ 


AN OPTIMAL OPIOID ANESTHETIC FOR MOMENT-TO-MOMENT CONTROL 


BEFORE PRESCRIBING, PLEASE CONSULT COMPLETE PRESCRIBING INFORMATION, OF WHICH 
THE FOLLOWING IS A BRIEF SUMMARY. 


CAUTION: Federal Law Prohibits Dispensing Without Prescription 


DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride equivalent to 500 pg per mi of alfentanil base for intravenous injection. The solution, which 
contains sodium chloride for isotonicity, has a pH range of 4.0-6.0. 


CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known 
hypersensitivity to the drug. 


WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE 
USE OF INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY 
EFFECTS OF POTENT OPIOIDS. 

AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD BE 
READILY AVAILABLE. 

BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING OF THE PATIENT 
MUST CONTINUE WELL AFTER SURGERY. 

ALFENTA (alfentanil hydrochloride) administered in initial dosages up to 20 pg/kg may cause skeletal 
muscle rigidity, particularly of the truncal muscles. The incidence and severity of muscle rigidity is usually dose- 
related. Administration of ALFENTA at anesthetic induction dosages (above 130 pg/kg) will consistently produce 
muscular rigidity with an immediate onset. The onset of muscular rigidity occurs earlier than with other opioids, 
ALFENTA may produce muscular rigidity that involves all skeletal muscles, including those of the neck and 
extremities. The incidence may be reduced by: 1) routine methods of administration of neuromuscular blocking 
agents for balanced opioid anesthesia; 2) administration of up to Vs of the full paralyzing dose of a neuro 
muscular blocking agent just prior to administration of ALFENTA at dosages up to 130 pg/kg; following loss of 
consciousness, a full paralyzing dose of a neuromuscular biocking agent should be administered; or 3) simulta- 
negus administration of ALFENTA and a full paralyzing dase of a neuromuscular blocking agent when ALFENTA 
is used in rapidly administered anesthetic dosages (above 130 pg/kg). 

The neuromuscular blocking agent used should be appropriate for the patient's cardiovascular status. 
Adequate facilities should be available for postoperative monitoring and ventilation of patients administered 
ALFENTA. it is essential that these facilities be fully equipped to handie all degrees of respiratory depression. 


PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
ARRHYTHMIAS AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE. VITAL SIGNS MUST BE 
MONITORED CONTINUOUSLY. 

General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly 
and debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. 
in obese patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined 
on the basis of tean body weight, 

in one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by appearance of 
delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 

in patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA 
may be reduced and postoperative recovery may be prolonged. 

induction doses of ALFENTA should be administered slowly (over three minutes). Administration may pro- 
duce loss of vascular tone and hypotension. Consideration should be given to fluid replacement prior to induction. 

Diazepam administered immediately prior to or in conjunction with high doses af ALFENTA may produce 
vasodilation, hypotension and result in delayed recovery. 

Bradycardia produced by ALFENTA may be treated with atropine. Severe bradycardia and asystole have 
heen successfully treated with atropine and conventional resuscitative methods. 

The hemodynamic effects of a particular muscle retaxant and the degree of skeletal muscle relaxation 
required should be considered in the selection of a neuromuscular blocking agent. 

Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. 

Administration of ALFENTA infusion should be discontinued at leas 10-15 minutes prior to the end 
of surgery. 

Respiratory depression caused by opioid analgesics can be reversed by opioid antagonists such as 
naloxone. Because the duration of respiratory depression praduced by ALFENTA may last longer than the dura: 
tion of the opioid antagonist action, appropriate surveillance should be maintained. As with ali potent opioids, 
profound analgesia is accompanied by respiratory depression and diminished sensitivity te CG, stimulation 
which may persist into or recur in the postoperative period. Intraoperative hyperventilation may further alter 
postoperative response to CO. Appropriate postoperative monitoring should be employed, particularly after 
infusions and large doses ot ALFENTA, to ensure that adequate spontaneaus breathing is established and 
maintained in the absence of stimulation prior to discharging the patient fram the recovery area. 

Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 

impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, 
decreased respiratory reserve or potentially compromised respiration. in such patients, opioids may additionally 
decrease respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted 
of controlled respiration. 

impaired Hepatic or Renal Function: In patients with fiver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA. 

Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular 
effects may be enhanced when ALFENTA is administered in combination with other CNS depressants such as 
barbiturates, tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may 
he enhanced or prolonged by these agents. in such cases of combined treatment, the dose of one or both agents 
should be reduced. Limited clinical experience indicates that requirements for volatite inhalation anesthetics are 
reduced by 30 to 50% tor the first sixty (60) minutes foliawing ALFENTA induction. 

Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma 
clearance and prolong recovery. 


Carcinogenesis, Mutagenesis and impairment of Fertility: No long-term animal studies of ALFENTA 


have been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant 
tethal test in temale and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg 
(approximately 40 times the upper human dose) produced no structural chromosome mutations of induction of 
dominant tethal mutations. The Ames Salmonella typhimurium metabole activating test alse revealed no 
mutagenic activity, 

Pregnancy Category 6: ALFENTA has been shown to have an embryocidal effect in rats and rabbits 
when given in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects 
could have been due to maternal toxicity (decreased food consumption with increased mortality) following 
prolonged administration of the drug. 

No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 

There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during 
pregnancy only if the potential benefit justifies the potentia: risk to the fetus. 


Labor and Delivery: There are insufficient data te support the use of ALFENTA in labor and delivery. 
Placental transfer of the drug has been reported; therefore, use in labor and delivery is sot recommended. 

Nursing Mothers: in one study of nine women undergoing post-partum tuba! ligation. significant levels 
of ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no 
detectable levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a 
nursing woman. 

Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not 
presently available. 


ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscie 
rigidity, are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS 
and PRECAUTIONS on the management af respiratory depression and skeletal muscie rigidity. 

Delayed respiratory depression, respiratory arrest, bradycardia, asystole, arrhythmias and hypotension 
have also been reported. 

The reported incidences of adverse reactions listed in the following table are derived from controlled and 
open clinical trials involving 1183 patients, of whom 786 received ALFENTA. The controlled trials involved 
treatment comparisons with fentanyl, thiopental sodium, enflurane, saline placeba and halothane. incidences are 
hased on disturbing and nondisturbing adverse reactions reported, The comparative incidence of certain side 
affects is influenced by the type of use, e.g. chest wall rigidity has a higher reported incidence in clinical triats 
of alfentanil induction, and by the type of surgery, e.g.. nausea and vomiting have a higher incidence in patients 
undergoing gynecologic surgery. 
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Thiapental Saline 
ALFENTA Fentanyl Sodium Enflurane Halothane Placebo” 
(N= 785) (N==243) (N= 86) {N = 55) {N == 1B) {N = 18) 
% % % Ye 4s 3 
O 
Gastrointestinal 
Nausea 28 44 14 § 0 22 
Vomiting 18 3f 3 ii g 3 7 
Cardiovascular 
Bradycardia 14 7 8 0 Q 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 16 f! H 7 8 G 
Hypertension 18 13 30 20 G Q 
Arrhythmia 2 2 § 4 6 9 
Musculoskeletal 
Chest Wall 17 12 q G 0 Q 
Rigidity 
Skeletal Muscle f 2 § 2 0 
Movements 
Respiratory 
Apnea 7 t 4 8 0 0 
Posteperative Z 2 $ 9 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 5 g 0 0 0 
Steepiness/ 2 8 2 0 i 6 
Postoperative 
Sedation 
Blurred Vision 2 2 i 0 Q Q 


OÜ e 
“From two clinical trials, one invalving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 
healthy volunteers who did not undergo surgery. 


in addition, other adverse reactions less frequently reported (1% or less) were: 

Laryngospasm, bronchospasm, postoperative confusion, headache, shivering. postoperative euphoria, 
hypercarbia, pain on injection, urticaria, and itching. 

Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA. 


DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule i controlled drug sub- 
stance that can produce drug dependence of the morphine type and therefore has the potential for being abused. 


OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. No 
experience of overdosage with ALFENTA was reported during clinical trials. The intravenous LOs. of ALFENTA 
is 44.0-50.9 mg/kg in rats, 72.2-73.8 mg/kg in mice, 71.8-81.9 mg/kg in guinea pigs and §9.5-87.5 mg/kg in 
dogs. intravenous administration of an opioid antagonist such as naloxone should be employed as a specific 
antidote te manage respiratory depression. 

The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted oF controlled ventilation as indicated for 
hypoventilation or apnea. Hf respiratory depression is associated with muscular rigidity, a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. intravenous fluids and vasoactive agents 
may be required to manage hemedynamic instability. 


DOSAGE AND ADMINISTRATION: The dosage of ALFENTA (aifentani hydrochloride) should be individualized 
in aach patient according to body weight, physical status, underlying pathological condition, use of other drugs, 
and type and duration of surgical procedure and anesthesia. in obese patients (more than 20% above ideal total 
body weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dase of 
ALFENTA should be reduced in elderly or debilitated patients (see PRECAUTIONS). 

Vital signs should be monitored routinely. 


Manufactured by Taylor Pharmacal Co. tor 


loa JANSSEN Janssen Pharmaceutica iac US. Patent No. 4.187.574 


a) PHARMACEUTICA Piscataway, NJ 08854 March 1987 49-7619901-M 

















Anesthesiologist/Pain Specialist 


Department of Anesthesiology at the University 
of Rochester is seeking a faculty candidate with 
special interest and training in Pain Manage- 
ment. Our Pain Treatment Center is a multidis- 
ciplinary program, which is expanding its serv- 
ices. 


The person must be committed to excellence in 
Clinical care, teaching and clinical or basic sci- 
ence research. An individual who has complet- 
ed ABA Certification and a Pain Fellowship is 
preferred. Academic rank and salary will be 
commensurate with qualifications. 


New York State License is necessary, 
Send Curriculum Vitae to: 


Ronald A. Gabel, M.D. 
Professor and Chairman 
or 
Jaimala Thanik, M.D. 
Medical Director, Pain Treatment Center 
Box 604 
University of Rochester Medical Center 
601 Elmwood Avenue 
Rochester, New York 14642 


The University of Rochester is an equal oppernunity employer, 















PEDIATRIC 
ANESTHESIOLOGIST 


Pediatric anesthesiologist needed to join a 
three-MD/wo-CRNaA staff of university affiliat- 
ed children’s hospital. Requirements include: 
fellowship or experience in pediatric anesthesia 
and board certification or eligibility. Full spec- 
trum of pediatric anesthesia performed except 
open heart. Responsibilities include clinical an- 
esthesia as well as resident and CRNA educa- 
tion and supervision. 











We are located on the southeastern Virginia 
coast within easy access to beaches and resort 
cities. The hospital serves a regional population 
of over one million in both North Carolina and 
Virginia. 







Salary is commensurate with appropriate train- 
ing and experience and is complemented by an 
excellent benefit package. 





For more information contact: 










William C. Petersen, MD 
Director; Pediatric Anesthesia Department 
Children’s Hospital of The King’s Daughters 
800 West Olney Road, Room #327 
Norfolk, Virginia 23507. 








Second International 


LASER SURGERY CONGRESS 
June 22-26, 1988 
Opryland Hotel, Nashville. Tennessee 


SPECIAL REDUCED TUITION 


FOR ANESTHESIOLOGISTS 


$100 SATURDAY ONLY 


Topics and Steering Committee 
Anesthetic Techniques and Precautions 
Theodore Eisenman, M.D. 
Bronchoesophagology 
Stanley Skapshay 
Facial Plastic and Reconstructive SUPZEry 
Head and Neck 


Fred J. Stacker, M.D. 
W. Russell Ries, M.D. 
General Otology 
Edward Emerson, M.D. 
Instrumentation and Research 
Terry Fuller, Ph D. 
Laryngology 
Robert Ossoff. D.M. D.. M.D. 
Herbert Dedo, M.D. 
Tetsuzo Inouye, M.D. 
Robert Feder. M.D. 
James Duncavage, M.D. 
Neurotology/Otology 
Stanley G. Lesinski, M.D. 
Michel Schwaber, M.D. 
Pediatric Otolaryngology 
James Stankiewicz, M.D. 
Kenneth Grundfast, M.D. 
Photodynamic Therapy 
Jack Gluckman, M.D. 
Rhinalogy 
Stuart Selkin, M.D, 








Meeting Location: The Congress will be held at the be 
in Nashville, Tennessee. Right next door is Opryl 
numerous rides, restaurants, games, shops and craftsmen. There is also 
Grand Ole Opry. where top stars perform country music. 


autiful Opryland Hotel 
and, U.S.A. with live music, 


the 


Social Activities: A cocktail hour has been planned the first night highlighting 
the exhibits. Also. participants of the Congress will float down the Cumber- 
land for a dinner cruise on the General Jackson Show Boat. 
Sponsored by: Department of Otelaryngology—-Head and 
the Division of Continuing Medical Educ 
H. Ossotf. D.M.D., M.D.. James 
Tuition: $425 after March 1. 1988 

$375 before March 1. 1988 

$200 residents 

$100 Anesthesiologists/Satu rday only 
Additional Information: Vanderbilt Division of CM E. Laser Congress 
Coordinator. CCC-8326 MON. Nashville, TN 37232. (615j-322-4030, 


Q Vanderbilt 


Universi 
Medical Center 


Neck Surgery and 
aton, Congress Directors: Robert 
A. Duncavage, M.D. 
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One of the most pressing problems 
facing the anesthesiologist today is space. 
As more and more instruments are brought 
into the O.R. providing new and important 
parameters, it is clear that there just isn't 
enough room. The complexity of the prob- 
lem is heightened by the need to learn and 
operate individually dedicated stand alone 
monitors, each designed by different 
manufacturers. 


The PB245 Cardiac/ Airway Gas Monitor 
represents a major breakthrough by in- 


tegrating, into a single compact monitor, 


the essential parameters for patient 
monitoring. it combines basic cardiac 


measurements of ECG, tem 
blood pressure, 


invasive, with important analysis of the 
airway gases of CO,, O, and N,O. Simple to 
operate, the PB245 can display numerical 
data as well as real time waveforms and 
trends. It also has the flexibility to be a 
totally non-invasive monitor, yet has the 

bility to measure invasive pressure as well. 


CORPORATION 








Now with greater range 
and improved clarity 


The new TRANSCOR II Radio-Stethoscope: 


Have complete freedom of movement Compact and Comfortable. The radio/receiver clips 
without missing a beat. Or a breath. onto your scrub suit, while the lightweight headsets are de- 

The Transcor II Radio-Stethoscope frees you signed for comfort and extended use. You can also broad- 
to monitor equipment, prepare and administer cast vital sounds through a tabletop FM radio. 





you are in the operating room. same time. Excellent for teaching. Multiple-channel system 


; also available. 
Easy Use. Quality Sound. The Transcor |! 
microphone attaches directly to any standard Only $295.00. For the complete Transcor II system 


esophageal or precordial stethoscope, so you (receiver, transmitter, microphone, headsets, adaptor 

get stethoscope-quality sound without the for molded earpiece, precordial stethoscopic head and 
restrictions of the stethoscope. Less interference. Transcor pediatric stethoscopic head. 

too, from electrocautery and other operating Upgrade your original 

room background sources. a Transcor system. Sony Walkmar: 


Headset Input Receiver 
If you already own 

a Transcor Radio- 
Stethoscope, return it 
to us with your check 
for $50 and we'll 
send you a Transcor 
Il system, with 
greater range and 
Clarity. 


Mono/Stereo Ear Buds 
with Adaptor for ——— 
Molded Earpiece 





Transcor. 


PEE a irel 
Limited time offer. Teita 


Supervise multiple operating 2 Walkman is a registerec 


trademark of the Sony Ce’ 
rooms. Order the Transcor || ree =s Sony 


today and we'll send you a 
2-channel receiver for monitoring 
of multiple operating rooms, 

(a $90 value). Free. 


Ti: 


. eee 


To order:Phone (203) 724-4414 
or send a check 
for $295 to 
Transcor, Inc. 
630 Oakwood Avenue 
Suite 438 
West Hartford, CT 06110 


TRANSCOR 





